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Paragraphs 1-1 to 1 -5 



SECTION I 
INTRODUCTION 



1-1 SCOPE OF MANUAL 

This manual provides technics I i n forma ti or. pertaining to the 
Extended Performance Rapid Access Data File (EP RAD file), 
which consists of the EP RAD Controller Model 7231 and 
from one to eight EP RAD Storage Units Model 7232. An 
EP RAD file is an item of peripheral equipment which can 
be used with any of the Sigma series computers (Sigma 2, 
Sigma 5, or Sigma 7). The EP RAD file is manufactured by 
Xerox Data Systems/ El Segundo, California. 

The documents in the list of related publications should be 
consulted to supplement the information in this manual. A 
complete set of documents for this equipment consists of 
this manual, related publications, engineering drawings, 
wire list*, diagnostic programs, and other data supplied 
with the equipment. 

1-2 ORGANIZATION OF MANUAL 

The information contained in this manual is organized as 
follows: 

a. Section I outlines ihe content and organization of 
the- manual end provides a brief description of the EP RAD 
file and its function. 

b. Section II describe:' the location and function of 
each sv/itch end indicator and provides simple machine 
language programs which illustrate the relation of the 
EP RAD file to the cornputei operation. 

c. Section III describes the operation of the EP RAD 
file in terms of data flow through registers in response to 
signals generated by the computer. No reference is made 
to signals or logic equations, and block diagrams and flow 
diagrams support the text. 

d. Section IV contains a detailed description of the 
operation of all circuits ot the EP RAD file. The purpose of 
each signal, the logic equations which control the signal 
level, and the relations between signals are described; 
supporting logic diagrams, timing diagrams, and flow dia- 
grams are included. 

e. Section V lists all s ; gnals of the EP RAD file, de- 
scribes the function of each signal, and contains phase 
sequence charts for each EP RAD fiie operation. 

f. Section VI includes schematic diagrams for control 
panels, power distribution, terminal boards, logic diagrams, 



and other engineering drawings and provides a list of en- 
gineering drawings required to supplement this manual. 

g. Section VII contains cable diagrams; module lo- 
cation charts; power, cooling, and space requirements; and 
other ciata required for installation, including preopera- 
tional check procedures. 

h. Section VIII provides lists of special tools and test 
equipment; schedules and procedures for cleaning, lubri- 
cating, and preventive maintenance testing; and procedures 
for performance testing, trouble analysis, and adjustment. 

;. Section IX contains an illustrated parts breakdown 
and parts list. 

1-3 DESCRIPTION 

}-A EPRAD FILE 

An EP RAD file consists of from one to eight EP RAD storage 
uniis and associated interconnecting cables. Each EP RAD 
storage unit consists of a cabinet that contains o disc fiie, 
an E? RAD selection unit, a power distribution punel, a 
moror control assembly, a Power Supply Model PT20, and 
interconnecting cables, wiring harnesses, and pressure lines. 
(See Figures 1-1 and 1-2.) An EP RAD confro!!e<- is collo- 
cated with one of the EP RAD storage units. (See figure 
i -j. ; 

Ea^-h EP RAD storage unit can accommodate more than 6 
million bytes of data. An EP RAD file with the maximum 
eight EP RAD storage units can store more than 50 million 
bytes of data. Data bytes may be read from, o r written 
into, the EP RAD storage unit at an average rate of more 
than 350, 000 byres per second. 

1-5 EPRAD CONTROLLER 

An EP RAD controller consists of three 32 -module chassis 
and the 74 modules required for operation with an eight- 
bit data path. For the optional 16-bii data path, five ad- 
ditional modules are needed for a total of 79 modules; for 
the optional 32-bit data path, eight additional modules are 
needed for a total of 82 modules. 

The EP RAD controller, which is the interface between the 
IOPand the EP RAD storage units, responds to command 
signals from the IOP. Signals returned from the EP RAD 
controller to the IOP indicate the status of an EP RAD 
storage unit and the status of the control timing of data 
transfers between an EP RAD storage unit and the IOP. 
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Figure 1-1. EP RAD Storage Unit, Front View 
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Figure 1-3. EP RAD Storage Unit with EP RAD Controller, Front View 
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1-6 EP RAD SELECTION UNIT 

An EP RAD selection unit consists of two 32 -module chassis 
and the 36 modules required for operation. If the logical 
sparing option is selected, a maximum of 13 additional 
modules may be used, fora total of 49 modules. The EP RAD 
selection unit responds to signals received from the EP RAD 
controller and writes data on the disc file or reads data from 
the disc file, as required. 

1-7 DISC FILE 

The disc file contains four rotating magnetic surfaces for 
recording digital data on 512 tracks. A separate read/write 
head is provided for each of the 512 tracks, and 64 spare 
read/write heads and tracks are available. One of the 
magnetic surfaces has an active sector timing track and read 
head. (A timing track is written on each surface of the 
disc, so that three spare timing tracks are available. ) The 
magnetic surfaces are sealed in a pressurized bulkhead 
which is maintained at a pressure higher than standard at- 
mospheric pressure. 

1 -8 MOTOR CONTROL ASSEMBLY 

The motor control assembly controls the sequence of opera- 
tions for starting and stopping the disc fi ie motor and monitors 
the status of the disc file motor during operation. During 



the start sequence, the motor control assembly aborts opera- 
tion if the disc file does not reach 300 rpm within a preset 
time delay. When power is removed for shutdown or if a 
power failure is sensed, the motor control assembly controls 
both dynamic and mechanical braking. 

1-9 POWER DISTRIBUTION PANEL 

The power distribution panel controls power from either the 
control console of the computer installation or the EP RAD 
storage unit. 

1-10 POWER SUPPLY MODEL PT2C 

Power Supply Model PT20 (also referred to in this manual 
as the PT20 power supply) is a standard XDSpower supply 
and is described in detail in XDS publication No. 901 157. 
The power input required is approximately 9A from a single- 
phase 117V, 60Hz source. The power supply provides out- 
puts of +4V, +8V, -8V, +25V, -25V, and +45 V, with cur- 
rent capability sufficient for an EP RAD selection unit and 
an EP RAD controller if both items are installed in the EP 
RAD storage unit. When an EP RAD file conlains more than 
one EP RAD storage unit, connections from PT20 power 
supplies should be distributed among all phases of the three- 
phase source. Overvoltage and short circuit protection for 
thfcPT20 power supplyis provided by modules cndbya reset- 
tcble circuit breaker. 
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SECTION II 
OPERATION AND PROGRAMMING 



2-1 GENERAL 

The EP RAD file is controlled by programmed instructions 
processed by the CPU and responds to commands and orders 
from the IOP. Controls of the EP RAD file establish its 
address, indicate whether art FP RAD storage unit is online 
or offline, provide for write protection of selected groups 
of tracks, and provide for turn -on and shutdown of EP RAD 
file operations. Controls of the EP RAD file are described 
in this section. A portion of a program, in machine lan- 
guage, is provided to illustrate the relation between the 
programs and the EP RAD file operations. 

2-2 CONTROLS 

2-3 EP RAD CONTROLLER ADDRESS SWITCHES 

Four switches on an LT26 Sv/itch Comparator module (loca- 
tion C24, figure 7-5) estabiish the four-bit address of the 
EP RAD controller. (See table 2-1 and figure 2-1. ) 



2-4 EP RAD STORAGE UNIT ADDRESS SWITCHES 

Three switches on an LT26 Switch Comparator module (loca- 
tion A7, figure 7-4) estabiish a three-bit address for each 
EP RAD storage unit. (See table 2-2 and figure 2-1 . ) 

2-5 ONLINE/OFFLINE SWITCH 

A switch on the LT25 Special Purpose module (location C23) 
transfers the EP RAD file from online to offline operation. 
When the switch is in the position, the EP RAD file is 
offline; when the switch is in the 1 position, the EP RAD 
file is oniine. (See figure 2-2.) 

2-6 MEMORY PROTECTION SWITCHES 

Sixteen switches on the front panel of the EP RAD selection 
unit (figure 1-1) may be used to prevent any CPU program 
from writingon selected groups of tracks on the disc file. 
The toggle switches are iabeled MEMORY PROTECTION 



Table 2-1. EP RAD Controller Address Switch 
Positions (Location C24) 



Table 2-2. FP RAD Storage Unit Address Switch 
Positions (Location A7) 



S4-2* 


S3 -2 


S2-2 
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Down/ 


Down' 


Down / 


1000 


Up 


Down 


Down 


Up 


1001 


Up 


Down 


Up 


Down 
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Up 


Down 


Up 


Up 


1011 


Up 


Up 


Down 


Down 


1100 


Up 


Up 


Down 


Up 
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Up 


Up 


Up 


Down 
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Up 
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Down Q 


Down 


Down 
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Down 


Down 


Up 


001 


Down 


Up 


Down 
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Up 


Down 


Down 
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Up 


Down 


Up 
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Up 


Up 


Down 


no 


Up 


Up 


Up 


111 
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'itch position designations 
le LT26 module is in place 



2-1 



XOS 901565 



Uttilr* Clk m Ff^f- 



f 






7 

CM 



°^ 



0^—2, 



— n— ■ 



,i°kf] 



GbdwlfX 






2 o 



8 




"kfl 



Figure 2-1. LT26 Switch Comparator Module 
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Figure 2-2. LT25 Special Purpose Logic Module 
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SWITCHES, and the instruction SET SWITCH IN UP POSITION 
TO PROTECT INDICATED MEMORY TRACK ADDRESSES 
is marked on the panel. The 512 tracks are divided into 16 
groups of 32 tracks each for control by MEMORY PROTEC- 
TION SWITCHES. The 32 tracks protected by each switch 
are indicated in decimal notation, beginning with 000 to 
031 and ending with 480 to 511 . 

2-7 POWER DISTRIBUTION PANEL 

The power distribution panel contains a toggle switch 
labeled REMOTE-OFF-ON. No power is available for 
the selection unit, controller, or fans when the toggle 
switch is in the OFF (center) position. When the switch is 
in the REMOTE position, application of power is controlled 
from control panels of the CPU. When the switch is in the 
ON position, the cc power source is directly connected to 
the EP RAD storage unit. 

2-3 MOTOR CONTROL ASSEMBLY 

The motor control assembly contains a circuit breaker and a 
toggle switch. A protective plastic cover on the circuit 
breaker reads EMERGENCY USE ONLY to indicate that 
the circuit breaker is normally ON and should not be used 
in routine tutn-on or shuidown procedures. The POWER 
ON-OFF switch applies three-phase power to the motor 
control assembly. This po\^er is independent of the power 
distribution pane!. 

2-9 POWER SUPPLY MODEL PT20 



The PT20 power supply contains a circuit breaker and a 
MARGIN switch. Power is applied to the PT20 power 
supply through the circuit breaker. The MARGIN switch, 
which has three positions labeled H, N, and L, is used to 
select a high (H), normal (N), or low (L) output voltage. 
Refer to XDS publication No. 901157 for additional infor- 
mation. 



2-10 OPERATING PROCEDURES 

After an EP RAD file has been installed and checked as 
described in section VII, no special turn-on or shutdown 
procedures are required. The normal control positions are 
as follows: 



a. The EP RAD controller address switches are set to 
the four-bit address assigned 1o the controller of the EP RAD 
file (1000 through 1111). 

b. The EP RAD storage unit address switches are set 
to the three-bit address cssigned lo the EP RAD storage unit 
(000 through 111). 



c. The online/off line switch is set to 1. 

d. The MEMORY PROTECTION SWITCHES are set in 
the up position to protect any group of 32 tracks or are set 
in the down position to allow writing en tracks by CPU pro- 
grams. 

e. The REMOTE-OFF-ON switch on the power distri- 
bution panel is set to REMOTE. 

f. The POWER ON-OFF switch on the mo'cr control 
assembly is set to ON. 

g. The circuit breaker on the motor control chassis is 
ON and the protective cover is closed. 



ON. 



h. The circuit breaker on the PT20 power supply is 



i. The MARGIN switch on the PT20 power supply is set 
to N. 

2-11 PROGRAMMING 

2-12 INSTRUCTIONS 

Controi signals and data signals exchanged bc!ween the 
EP RAD file and the CPU through the IOP are itlated to 
the input/output instructions. (Refer to the technical man- 
ual and reference manual associated with the computer in- 
stcllr.rion for details. ) After a siari input/ououv operation 
(SIO). halt input/output operation (HIO), test irput/output 
(TI3), or test device (TDV) instruction is processed by the 
CPU, the IOP generates signals which require c response 
from the addressed peripheral device controller. If 'he EP 
RAD file is addressed, the IOP generates signals which 
contain the information required by the instruction. After 
an acknowledge I/O interrupt (AIO) instruction ',s processed 
by the CPU, ' : .e IOP generates signals which require a 
rejpcr.se from the highest priority peripheral device con- 
troller that has an interrupt pending. If the controller of 
the EP RAD file responds, the IOP returns its adu'ress and 
the address of the EP RAD storage unit currently stored in 
the unit register. 



2-13 SAMPLE PROGRAM 

XDS publication No. 901557 describes two sample pro- 
grams. One program is for use in either a Sigma 5 or a 
Sigma 7 computer, and one is for use in a Sigma 2 com- 
puter. A group of machine ianguage instructions, which 
form a part of the Sigma 5 and 7 programming example 
labeled IOINTSUF, is listed in table 2-3. 
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Table 2-3. Portion of Machine Language Program Controlling EP RAD File 


Instruction* 


Remarks 


2280 0020 


Load immediate (LI). Causes 0000 0200 to be stored in general register 8 
to permit arming I/O interrupts 


6D80 1200 


Write direct (WD). This WD instruction in interrupt control mode causes 
arm and enable (code 010) of all group 0000 interrupts selected by a one 


220M MMMM 


Load immediate (LI). Causes a doubleword command in location M MMMM 
to be stored in general register 0. Value assigned to M MMMM is controlled 
by the program 


4CAX UUUU* 


Start input/output operation (SIO). Causes the operation coded by double- 
word command in location M MMMM (now in general register 0) to begin 
in EP RAD file at address UUUU. (UUUU addresses the EP RAD fiie con- 
troller and one of eight EP RAD storage units. The track address and the 
word count are contained in the doubleword. ) 


74NX SSSS* 


Store conditions and floating point ccniro! (STCF). For this program, the 
significant part of the STCF instruction is that which causes the condition 
code response to the previous SIO ins'iuction to be stored in r-^rnory lo- 
cation SSSS. The value of SSSS is controlled by the program. N has no 




significance 


68CX LLLL* 


Branch on conditions reset (BCR). This BCR instruction forms the logical 
product (AND) of its R-field (1100) end the condition code saved by the 
previous STCF instruction. If the SIO is accepted, the logical product 
is zero, and the WAIT instruction in location LLLL is executed. If the 
SIO is not accepted, the logical product is not zero, and the next in- 
struction in sequence is executed. LLLL is established by the program 


331 X PPPP* 


Modify and test word (MTW). If the MTW program is executed, its R-field 
(0001) is added to the effective word stored in the effective location of 
X PPPP, and the sum is stored in the effective location. Execution of 
this instruction causes a branch back to the main program. PPPP is estab- 
lished by the program 


2ENX RRRR 1 


WAIT instruction. After this instruction is executed, no other instructions 
are executed until an interrupt signal is received at the end of the I/O 
operation started by the accepted SIO instruction. The next AIO instruc- 
tion in sequence is then executed. RRRR ?s established by the program 


6EAX JJJJ 


Acknowledge I/O interrupt (AIO). Causes status bits (0 through 15) and 
I/O address code bits (21 through 31) from the EP RAD file to be stored 
in general register 10. JJJJ is established by program 


*Instructions are coc 
explained 


ed in hexadecimal notation. Symbols other than through 9 and A through F ere 


X represents a three 
significant 


-bit index register. Additional bits are part of the data in bits 15 through 31 or are not 
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SECTION III 
FUNCTIONAL OPERATION 



3-1 GENERAL 

An EP RAD file consists of one EP RAD controller and from 
one to eight EP RAD storage units (figure 3-1). A Sigma 
series computer controls the EP RAD file through either a 
multiplexing input/output processor (MIOP) or a selector 
input/output piocessor (SIOP). The maximum capacity of 
each EP RAD storage unit is more than 6 million data bytes. 
Data bytes may be written inro, or read from, the EP RAD 
file under program control, as described in paragraph 2-1 1. 

Each EP RAD storage unit contains a disc file, a selection 
unit, a PT20 power supply, a power distribution panel, a 
motor control assembly, and interconnecting cables, wiring 
harnesses, and pressure lines. One of the EP RAD storage 
units contains the EP RAD controller that functions as the 
interface between the EP RAD file and the IOP. 

The EP RAD controller and all selection units form a buffer 
between storage devices operating at independent clock 
rctes. The clock rate of the computer is established by its 
timing circuits; the clock rate of an EP RAD storage unit 
is established during the wi ting process by the use of the 
Manchester encoding technique. The EP RAD storage-unit 
may be required to read or write 12 sets of 1024 data bytes 
in one revolution of the disc. To meet this requirement, 
the EP RAD controller must accept data from one storage 
device at one clock rate, iemporarily store the data, and 
transmit the data to the other storage device at another 
clock rate. In addition, \ u e EP RAD controller must make 
a parallel-to-serial changn in format for data being trans- 
ferred from the computer memory through the IOP to the 
EP RAD storage unit and must make a serial -to-parallel 
change in format for data being transferred from the EPRAD 
storage unit through the IOP to the computer memory. 

Signals passing between the EP RAD controller and any 
EP RAD storage unit are exchanged through a set of trans- 
mission lines common to all EP RAD storage units. However, 
the EP RAD controller communicates with only one of the 
EP RAD storage units during ony operation. The storage unit 
is selected by an address which is part of the command 
doubleword accepted by the IOP from the computer mem- 
ory. Terms frequently used in this manual are defined in 
table 5-1. 

3-2 DATA ORGANIZATION 

Data stored in the disc file is organized as indicated in 
figure 3-2. Four magnetic surfaces are used, each surface 
having 128 read/write heads. Data may be written by, or 



read from, only one of the read/write heads at any time. 
The surface of the disc associated with a particular read/ 
write head is called a track. Each track is divided into 
12 equal sectors by timing signals permanently recorded 
on one surface of the disc. These timing signals are read 
by circuits of the selection unit. One of the 512 read/write 
heads is selected by a nine-bit track address. Each sector 
is identified by a four-bit sector address. 

Within each sector, 1024 bytes of eight bits each are stored. 
The total data capacity of the disc file is obtained by mul- 
tiplying 1024 bytes/sector by 12 sectors/track by 128 trccks/ 
surface by 4 surfaces. This is a totai of 6, 29 i. 456 bytes. 
An EP RAD file v/ith the maximum complement of eight EP 
RAD storage units can store more than 50 million data bytes. 

Preceding each set of 1024 data bytes is a five -b/te pre- 
amble. This preamble is written by ihe EP RAD controller 
to identify the beginning of a sector of data and to synchro- 
nize controller, selection unit, and disc file operations. 
Following the 1024 data bytes is a two -byte checkium^o nd 
a one-byte postcmble^ The checksum is generated by con- 
troller circuits during the write sequence, and :s written 
after all data bytes have been stored. Jhe postamble is a 
string of eight zeros j /yh?ch ide ntifies the end ct the sector. 
A gap containing no data of any kind separate? toe sectors. 
During the time that this gap is under the reaa/V'iite heads, 
preparatory operations are performed by the con'roller. 

3-3 MECHANICAL FUNCTIO NS 

During operation of the EP RAD file, the read/write heads 
whic'; write on (or read from) the magnetic sur r cces of the 
disc, file are held from contact with the magnetic surfaces 
by c iliin film of air. This technique, called floating head 
or viying head, permits each head to be very close tc a 
surface v/ithout contact and eliminates design problems 
associated with fixed heads. For example, if the oosition 
of a lead/write head is fixed, the distance between the 
head and the moving surface vcries slightly because of 
irregularities of surface flatness or because of a slight ec- 
centricity of the disc axis of rotation. The variation in 
flux strength introduced by this variation in distance causes 
variation in signal levels. In addition, because the distance 
must be relatively large to prevent the possibility of con- 
tact, much of the strength of the magnetic field is used in 
the resultant air gap. However, with the flying head sys- 
tem of the EP RAD file, the design distance between head 
and surface is maintained only while the disc is spinning 
faster than 300 rpm. Therefore, contact between the fly- 
ing heads and the disc surfaces must be relieved until the 



(t) 



£ 

O 



r 



EP RAD CONTROLLER 



~] 



TO/FROM. 
IOP 



SUBCONTROLLER 



EXPANDED I/O 
CIRCUITS 



DATA BUFFER 



TC/T-ROM 
PET 



INTERFACE 



INTE 



SELECTION 

UNIT 
NTERFACE 



L 



J 



r 



MULTIPLE-UNIT RAD FILE 





r 






1. 
1 
1 
1 








TO/FROM 


EP RAD 
CON- 
TROLLER 




IOP "*" 


1 






i 


. 












1 




i 


, 


! 1 










1 


n 
i 


— 


1 ,— 






, i . 

EP RAD 


1 
1 


■ 


1 


i • , 


1 






EP RAD 


' 


EP RAD 








SELECTION 




i 


SELECTION 


t 


SELECTION 








UNIT 


1 


i 


UNIT 


i 


UNIT 








i 




i 


1 i 
i i 


. 










1 


1 


1 

! 
1 




■ 


i 


i 1 

1 1 


' 


! 






DISC FILE 


DISC FILE 


1 1 
1 1 


OISC FILE 





I I I -J l_ 



TO/FROM 
OTHER 
STORAGE 
DEVICES 



CABINET 



CABINET 



.J 



CLOCK 



v -3 




SECTOR/INDEX 
DETECT LOGIC 



TRACK 
CODE 
BITS 



TRACK 
REGISTER 



DATA 



CLOCK 



WRITE 
CIRCUITS 



WRITE 
PROTECT LOGIC 



CLOCK 



READ 
CIRCUITS 



READ/AWTE 
COUPLER CIRCUITS 



CENTER TAF 
SELECT 
DRIVERS 



x --64 



EP RAD SELECTION UNIT 



T TOAROM 
ADDITIONAL 
" STORAGE 
DEVICES 



.'*> 



5ECTOR 
IDENTIFICATION 

CIRCUITS 
_ 



.'8 



-'« 



j 

TO, FROM DISC FILE 



_J 



X 

D 

O 
o 

O 



XDS 901565 




SELECTION 
UNIT 



12 SECTORS 

AROUND CIRCUMFERENCE 



-5 BYTES- 



DATA jCHKS M Pj GAP ( 



/ — : 1024 BYTES- 



CHECKSUM -2 BYTES 
POSTAMBLE - 1 BYTE 






Figure 3-2. EP RAD Disc File, Data OrganizaHon 



903 565A. 302 



3-3 



Paragraphs 3-4 to 3-9 



XDS 901565 






300 rpm rate is attained. During a start sequence, the 
motor control assembly relieves the pressure holding the 
heads against the disc surface. During a stop sequence, 
the motor control assembly controls dynamic and mechani- 
cal braking of the disc. During a start sequence or a stop 
sequence, the motor control assembly monitors a signal 
which indicates the speed of the disc file motor. 

3-4 POWER DISTRIBUTION 

External three-phase ac power is applied to the power 
distribution panel through an rf filter assembly. The ac 
power passes directly from the power distribution panel to 
the motor control assembly. Application of ac power for 
the controller, selection unit, or fans may be controlled 
either from the operator panel of the computer or from the 
EP RAD storage unit. When the LOCAL/REMOTE switch 
on the power distribution panel is in the LOCAL position, 
c power is applied directly to the PT20 power supply and 
^ he fans. When the LOCAL/REMOTE switch is in the 
'MOTE position, ac power is controlled from the operator- 
control panel of the computer. A delay circuit in the power 
distribution panel prevents application of ac power to more 
than one EP RAD storage unit at a time when ac power is 
first applied. This delay causes a sequential application of 
ac power to each EP RAD storage unit, thereby minimizing 
starting surges. A power fail-safe circuit senses two signals 
derived from the ac power source ond onedc signal from the 
PT20 powersupply. Powerfailure causesa controlled shut- 
down of the EP RAD storage unit. If the EP RAD storage unit 
is in communication with the IOP at the time of shutdown, a 
signal is sent to the IOP to indicate the unusual end. 

3-5 EP RAD CONTROLLER 

In a computer installation, the cP RAD controller is only 
one of several device controllers exchanging data with the 
computer memory through the IOP. Two techniques are 
used to limit communication wi'h the IOP to only one con- 
^flkler at any time: For some IOP commands, only one 
^BRf roller is addressed, and only the addressed controller 
can respond. For other IOP commands, a priority chain 
established by cable routing limits response to the highest 
priority controller that is awaiting that command. 

The subcontroller portion of the EP RAD controller (figure 
3-1) monitors signals from the ICPand determines if and 
how the EP RAD file responds to commands. The subcon- 
troller responds to all control signals, either by passing 
the signals to other controllers associated with the computer 
installation or by returning signals to the IOP. The sub- 
controller controls exchange of data on the eight-bit data 
path. The expanded interface circuits provide up to 24 
additional data lines when a 16-bit or a 32 -bit data path 
is used. When the EP RAD file is operating offline, sig- 
nals are received from the Peripheral Equipment Tester 
i(PET) Model 7901 through the PET interface. 

Commands from the IOP cause phase control circuits of the 
to buffer to cycle through a definite sequence of phases. 



During each phase of the sequence, the phase control 
circuits respond to IOP signals, selection unit signals, and 
internally generated signals to determine when to go from 
one phase to another. During this sequence of phases, data 
is transferred between the selection unit and the IOP through 
the data buffer, the selection unit interface, and the sub- 
controller and expanded interface circuits. 

3-6 IOP INTERFACE 

The response of the subcontroller to IOP commands is sum- 
marized in figure 3-3. The five commands associated with 
CPU instructions are as follows: 



Mnemonic 



Functi 







AIO Acknowledge input/output interrupt 

WO Halt input/output operation 

TDV Test device 

TIO Test input/output 

SIO Start input/output 

The acknowledge service call (ASC) command is generated 
by the IOP in response to a service call from the subcon- 
troller. 

3-7 AIO Command 

The AIO command, which is generated by the IOP *\'hen 
an interrupt is detected, is not addiessed to any device or 
device controller. Only the highest priority device con- 
troller wiih an interrupt pending can respond to th? /-.IO 
command. Any device controller without an interrupt 
pending passes the signals to the next device controller in 
the priority sequence, if the EP RAD controller is the 
highest p r :ority device controller with an interrupt pending, 
it responds to the AIO command by transmitting its address 
and the contents of its device address register (U -register) 
to the IOP and by transmitting signals that indicate the 
cause of the interrupt. When an AIO command is accepted, 
the interrupt condition is cleared. 

3-8 HIO Command 

The HIO command, which is addressed to a specific device 
controller,, hairs an input/output operation being processed 
by the EP RAD controller and returns function response sig- 
nals and condition code signals to the IOP. These signais 
indicate the status of the EP RAD controller to the !OPand 
the CPU. 

3-9 TDV Command 

The TDV command, which is addressed to a specific device 
controller, returns function response signals and condition 
code signals to the IOP. These signals indicate any errors 
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that occur during an input/output operation and the nature 
of any detected errors. 

3-10 TIP Command 

The TIO command, which is addressed to a specific device 
controller, returns function response signals and condition 
code signals to the IOP. These signals indicate the status 
I of the EP RAD controller to the IOP and the CPU. The 
TIO command performs a function similar to that of the 
HIO command, without causing a halt. 

3-11 SIO Command 

The SIO command, which is addressed to a specific device 
controller, returns function response signals and condition 
code signals to the IOP. These signals indicate the status 
of the EP RAD controller tc the IOP and the CPU. In addi- 
^B^on, the SIO command starts an input/output operation if 
^^Rie EP RAD file is ready. The first response is to request 
an order out service cycle from the IOP. During this ser- 
vice cycle, a code for one of five orders (seek, sense, 
read, write, or checkwrite) is stored in the order register 
I of the EP RAD controller. A sequence of ASC commands 
in response to service calls from the EP RAD controller 
then causes the order to be executed. 

3-12 INTERNAL OPERATIONS 

In response to an AIO, HIO, TIO, TDV, or SIO command 
from the IOP, the EP RAD co:ii.oiler gathers data available 
in registers and flip-flops of the controller, or from signals 
available at the selection unit interface, and transmits 
the data to the IOP as function response signals or condition 
code signals. If an SIO command is accepted, the I/O 
operation that results depends on the order received during 
the order out service cycle. For each order, the IOP re- 
sponds to a sequence of service calls from the EP RAD con- 
troller by generating ASC commands. Each service caii 
f± identified by a two-bit code as requesting one of the 
four types of service cycles Iist3d in table 3-1. 

Regardless of the order received, a specric number of 
bytes are exchanged as the pha 1 :? control circuits of the 
data buffer cycle through a definite sequence of phases. 
If a seek order is stored, subsequent data out service calls 
cause two bytes of data to be scored in controiler registers. 
If a sense order is stored, subsequent data in service calls 
cause three bytes of data to be transmitted to the IOP. If 
a write order is stored, subsequent data out service calls 
cause data bytes in memory to be stored in the disc file. 
If a read order is stored, subsequent data in service calls 
cause data from the disc file to be stored in memory. If 
a checkwrite order is stored, duta accepted from memory 
is compared with data read from the disc file. During or 
following execution of any of these orders, terminal order 
data may be received from the IOP or an order in service 
call may cause data to be sent to the IOP. 



Table 3-1. Service Cycle Operations 



Service Cycle 



Order out 



Order in 



Data out 



Data >n 



Operation 



Control information is transmitted from 
the IOP to the controller. First service 
cycle of any input/output operation 

Control information is transmitted from 
the controller to the IOP. Last service 
cycle of any input/output operation 

Data is transmitted from the computer 
memory through the IOP to the disc file. 
Four bytes of data are transmitted during 
each service cycle; therefore, a rapid 
sequence of service cycles is required 
during execution of a write order or a 
checkwrite order. For a seek order, 
two data out service cycles ore required 

Data i: transmitted from the disc file 
through the IOP to the computer mem- 
ory. Four bytes of data are transmitted 
during each service cycle; therefore, a 
rapid sequence of service cycles is re- 
quired during execution of a r*.ad order. 
For a sense order, three data in service 
cycles are required 



3-13 J eek Order 

A diagi am that summarizes the transfer of data :o+c the 
EP RAD controller during the execution of a seek order is 
preserved in figure 3-4. During execution of a ^eek order, 
two Lyies of data are stored in the track address legister 
(T -register) and the sector register (S-register). Execution 
of a subceqjent read order, write order, or checkwrite order 
begins nf this location in the disc file. (When r.o seek 
order <s used, operations begin at the location stored in 
the T-register and S-register at the time that the order is 
received. ) 

A byto of data is first accepted from the IOP and is stored 
in the i-register. As this byte is transferred to the J- 
register, an additional byte is requested from the IGP. 
Bits 1 through 7 of the first byte are stored in the higher 
order flip-flops of the T-register. After the second byte 
is moved from the I-register to the J -register, ihe four 
highe- order bits (bits through 3) of the second byte are 
placed : n the lower order flip-flops of the T -register, and 
the four lower order bits (bits 4 through 7) are placed in 
the S-register. 

The byte counter of the controller identifies the bytes 
received and generates timing signals which control the 
transfer of data from the J-register. An incorrect length 
signal is generated by the controller if a byte count other 
than two is specified in the I/O doubleword associated 
with the seek order. 
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Figure 3-4. Seek Order Data Path, Block Diagram 



3-14 Sense Order 

Figure 3-5 summarizes the uansfer of data from the EP RAD 
controller during execution of a sense order. Three bytes 
of data are transferred from the EP RAD controller to the 
computer memory through the IOP. The sense order is used 
to speed up input/output operations by permitting the CPU 
program to determine the location available before starting 
a transfer of data. The average waiting time of half a disc 
revolution can thereby be reduced to one sector time. 

The first byte of data to be stored in the O -register con- 
sists of bits through 6 from the track address register (T- 
register) and one bit from the selection unit. The bit from 
the selection unit indicates whether the addressed track is 
write -protected. The second byte of data consists of bits 
7 through 10 from the T-register and four bits from the sec- 
tor register (S-register). The bits from the T-register are 
stored in bits through 3 of the K-register; the bits from 
the S-register are stored in b"*s4 through 7 of the K-register. 
This byte is transferred to the O -register after the first byte 
is accepted from the O-register by the IOP. The third 
byte of data consists of four unused bits and four bits which 
indicate the address of the sector currently under the read/ 
write heads of the disc file. (The bits in the S-register 
indicate the sector addressed by the EP RAD controller.) 
The third byte, in its turn, is transferred to the O-register, 
then to the IOP. 

The byte counter of the controller identifies the bytes re- 
ceived and generates timing signals which control transfer 



of data from one register to anothet . Transfer «jf data from 
the O-register to the IOP is controlled by th* ^hase con- 
trol circuits. An incorrect length signai is generated by 
the controller if a byte count other than three is specified 
in the I/O doubieword associated with the ser.^c order. A 
sector unavailable signal is generated if the T-register and 
S-register huve incremented beyond the last available sec- 
tor. 

305 Write Order 

A diagram that summarizes data transfers within the EP RAD 
controller during execution of c write order i« presented in 
figure 3-6. Djring execution of a v/rite order, dcta bytes 
for a n integral number of sectors are transferred from the 
computer memory to the disc file through the IOP, the con- 
troller, and the selection unit. (If less than 1024 data 
byter are transferred for a sector, bytes consisting of eight 
zeros (0000 0000} ore written until the sector is complete.) 
All 1024 data byres for each sector are written the first 
time the addressed sector passes under the read/write heads. 
If a write operation is attempted in a write-protected track, 
the write order is not executed and the write-protect vio- 
lation is reported to the IOP. 

Four bytes of data are accepted by the I-register during 
each data out service cycle. For an eight-bit data path 
from the IOP, one data byte is accepted and transferred 
to the J -register before the next data byte is requested. 
For a 16-bit or 32-bit data path from the IOP, two or four 
bytes are accepted simultaneously. Each byre is moved to 
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the higher order byte of the I-register and is transferred to 
the J -register before additional data bytes are requested. 

Data bytes in the J-register are transferred to the fast ac- 
cess memory (FAM.) module under control of the J -pointer 
register (jP-register) and timing circuits. The FAM mod- 
ule contains 16 addressable eight-L>if registers. The JP- 
i register stores a four-bit code which addresses one of the 
16 registers. A byte transferred from the J-register to the 
FAM module is stored in the location addressed by the L- 
register. After a byte is stored in the FAM module, the 
number In the JP-register is incremented. The incrementing 
process is accomplished by causing the outputs of the L- 
register to generate a code next in binary sequence to the 
code stored in the JP-register. In the FAM write cycle, 
a data byte is transferred from the J-register to an addressed 
register in the FAM module, and the incremented address 
Js transferred from the L-register to the JP-register. 






ata bytes in the FAM module are read into the K-register 
under control of the K-pointer register (KP-register) and 
timing circuits. The KP-register is incremented by reading 
^the outputs of the L-register during a FAM read cycle in 
which data is read from the addressed register in the FAM 
module into the K-register. The L-register stores a four- 
bit code which addresses one of the 16 registers in the FAM 
module. 

Data stored in the K-register is transferred to the D-register 
one byte at a time. Data stored in the D-register is trans- 
ferred serially through the selection unit to the addressed 
track and sector of the disc file. This data transfer takes 
place at a clock rate established by timing circuits in the 
controller, execution of a write order requires control of 
independently timed data transfers. Transfer of data from 
the IOP to the l-register is dependent on the speed of re- 
sponse of the IOP to a service cail from the controller. 

ince transfer of data from the D-register to the disc fiie 
st keep pace with the clock signals generated in the 

untroller, the FAM module must have data available for 
rhe K-register in time for transfer to the D-register. Addi- 
tional circuits associated with ;he data path monitor and 
control the process so a continual flow of data rakes place. 
The phase control circuits and associated timing circuits 
regulate the process of <"!ata transfer from the IOP to the 
I-register into the J-register. 

The RK-counter keeps count of the number of active bytes 
in the FAM module. Each time a byte is written into the 
FAM module, the count is decreased by one; each time a 
byte is read from the FAM moduie, the count is increased 
by one. Signals controlled by the RK-counter request a 
FAM write cycle whenever the number of active bytes is 
8 or less. Signals generated within the controller indicate 
whether the J-register or K-register is filled. The K- 
i register takes priority when the K-register is not filled 
(thereby causing a request for reading data from the FAM 
module to the K-register), and the J-register is filled 

«;reby causing a request for writing data from the J- 
ister into the FAM moduie). This priority assures that 
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a byte is always available for the D-register. The FAM 
module is kept filled by storing a large number of bytes 
initially and by retaining service connect status with the 
IOP for a period long enough to store 8 to 12 bytes or to 
fill the FAM module, whichever is required. 

The writing process includes writing a preamble and post- 
ambie in addition to the 1024 data bytes (figure 3-2). This 
sequence is controlled by timing circuits associated with 
the selection unit interface. After a write order is stored, 
a search is conducted for the addressed track and sector. 
The bit end byte counter (B-counter) then controls the se- 
quence of storing the preamble codes in the K-registe-, 
counting the 1024 data bytes, and storing the checksum in 
the K-register following the last data byte. The checksum 
is developed in the P-register while the data bytes are 
being transferred from the D-register to the select ; on unit. 

While ihe gap separating each sector on the disc fiie is 
under the read/write heads, an incrementing process takes 
place between the T-register and S-register, and ihe P- 
register. If data is to be written into the next sector, the 
number in the S-register must be increased by one ^o that 
a match between the S-register code and the selection unit 
sector signal code is possible. If the S-register contains 
the code 1011, which identifies sector 11, the next code 
in sequence must be 0000 and the track address in the T- 
register rrvst be increased by one. Therefore, the contents 
of the T -register and the S-register are temporarily stored 
in the ° regisrer. This value is incremented by or.e- in the 
process of return to the S-register and fhe T-registc, so 
that these two registers contain the correct codes before 
the nex* r ector is available. The contents of the 7 -register 
are ah'j transmitted to the selection unit by way of the P- 
registei . 

The technique used for encoding the sequence of b ; t; on 
the magn tic surface of the disc is known by various names 
(such as Manchester, modified nonreturn -to -zero, frequency 
modulation, and Ferranti). The technique (called Man- 
chester encoding in this manual) has the advantage rhat a 
separate dock track is not required on the magnetic surface 
and that a clock signal can be extracted from the data sig- 
nal as data is read from the magnetic surface. (The separate 
sector pube track and index pulse track do not provide a 
clock for each bit. ) In summary, during errorless execution ' 
of a write order, the following operations take place: 

a. Immediately following storage of the write order, 
at least eight data bytes are accepted from the IOP into 
the I-regis^er and are transferred through the J-register 
into the FAM module. 

b. A search for the addressed sector is conducted. 
After the addressed location is found, the B-counter is used 
to control storage of the preamble in the K -register. This 
preamble is transferred in parol ie! to the D-register eight 
bits at a time and is transmitted from the D-register to the 
selection unii in serial format. 
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c. After the preamble code has been transferred from 
the K -register, data bytes are read from the FAM module 
inio the K-register and are transferred from the K-register 
to the D-register for transmission to the selection unit. 
Data bytes are continually accepted from the IOP through 
the 1-register and the J -register and are stored in the FAM 
module. The RK-counter keeps track of the number of 
active bytes in the FAM module. The B-counter keeps 
track of the number of data bytes which have been written. 
If less than 1024 data bytes ere received from the IOP, 
data bytes of all zeros are written until a total of 1024 
bytes is stored. 

d. A checksum developed in the P-register is trans- 
ferred to the K-register following the last data byte. After 
the checksum is transferred, the P-register is used to incre- 
ment the track address and sector address to prepare for 
writing in the next sector, if necessary. (If the write order 
is ended, the track address and sector address are retained 
until a new order is executed or until a seek order is used 
to store a new track address and sector address. ) 

3-16 Read Order 

A summary of data transfers within the EP RAD controller 
during execution of a read order is presented in figure 3-7, 
During a read order, data bytes for an integral number of 
sectors are transferred from the disc file to the computer 
memory through the selection unit, controller, and IOP. 
AH 1024 data bytes for each sector are read line first time 
the addressed sector passes under the read/write heads. 
Two types of read orders ere possible: a sector read order 
and a record read order. For a sector read order, a pn-ity 
error is reported to the IOP at the end of a sector in which 
the error occurred; for a rcrord read order, a parity er.or 
is reported to the IOP after n couni done terminal order is 
received by the control ! e> . 

After the read order is steed, a search for the addressed 
sector is conducted. When the addressed sector is found, 
the timing circuits of the controller must by synchronized 
with clock signals transmitted from the selection unit. 
"These clock signals are derived from 'he Manchester en- 
coded data. The preamble, which is initially a sequence 
of ones and zeros (. . . 0101 01 0. . . ), develops an easily 
identifiable clock signal to indicate the start of data 
written in a sector. A synchronization pattern of 1 100 
ends the preamble and identifies the clock immediately 
preceding the 1024 data bytes. 

Bits are read serially from the selection unit into the D- 
register. Only data bytes are transferred to the J-register, 
one byte at a time, in the interval between the last bit of 
one byte and the firsi bit o f the succeeding byte. 

Data bytes in the J-register are transferred to the fast 
access memory (FAM) module under control of the J- 
pointer register (JP -register) and timing circuits. The 
FAM module contains 16 addressable eight-bit registers. 



The J P-register stores a four-bit code which addresses one 
of the 16 registers. A byte transferred from the J-register 
to the FAM module is stored in the iocation addressed by 
the L-register. After a byte is stored in the FAM module, 
the number in the J P-register is incremented by causing 
the outputs of the L-register to generate a code next in 
binary sequence to the code stored in the J P-register. In 
the FAM write cycle, during which a byte is transferred 
from the J-register to an addressed register in the FAM 
module, the incremented address is transferred from the 
L-register to the J P-register. 

Data bytes are read from the FAM module under control of 
the K-pointer register (KP-register) and timing circuits. 
The KP-register is incremented by reading the outputs of 
the L-register during a FAM read cycle in which data is 
read from the addressed FAM module location. The L- 
register stores a four-bit code which addresses one of the 
16 registers in the FAM module. The procedure is similar 
to that for a FAM write cycle. The RK-counter keeps 
count of the number cf active bytes in the FAM module. 
Each time a byte is written into the FAM moauie the count 
is increased by one; each time a byte is read from the FAM 
module, the count is decreased by one. Signals generated 
within the controller indicate whether the J-register or the 
K-register is filled. If the K-register is not Tilled (thereby 
ccusing a request for reading data from the FAM module) 
arc! the J-register is filled (thereby causing a request for 
wr'tir.g data from the J-register into the FAM module), the 
J-register takes priority. This priority assure* ihaf a byte 
a -uilable in the D-register is accented by thy FAM module 
before the selection unit transmits the first bh of the next 
byre. 

Each time that the FAM module stores four data b/tes, an 
ora* ?r in service cycle is requested by the controller. If 
mor<=. than eight data bytes are stored in the FA A/ module, 
the controller requests two successive order in service 
cycles without relinquishing control of the I/O channel. 
The means for transfer of data from the FAM module to the 
O -register depends on the path width of the l/O channel. 
The phase control circuits and the associated timing cir- 
cuits regulate the process of data transfer from ihe O- 
register to the IOP. 

For en eight-bit data path, bytes are read from the FAM 
module to the K-register, then to the higher-order byte of 
the O -register. The IOP accepts the data from the O- 
regicter. For a 16-bit data path, the first byto is read from 
the FAM module to the K-register, and the second byte is 
read from the FAM module into the next-to-higher order 
byte of the I -register. After two bytes have been counted, 
they are transferred simultaneously to the O-register. For 
a 32-bit data path, the first byte is read from the FAM 
mcauie to the K-register, and the second byte is read from 
the FAM module to the next-to-higher order byte of the 
l-register, as for the 16-bit data path. The next two bytes 
are read into successively lower order bytes of the I- 
register. After four bytes have been counted, they are 
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transferred simultaneously from the I-register and K-register 
into the O-register. 

After all data bytes have been counted, stored in the D- 
register, and transferred, the checksum written during the 
write order is read from the selection unit. This checksum 
is compared with a checksum developed in the P-register 
during the read operation. If the two are not identical, 
an error has occurred. For a sector read order, the error 
is reported immediately; for a record read order, the error 
is reported at the end of ihe record. The checksum is not 
transferred to the FA M moduie. 

While the gap separating each sector on the disc file is 
under the read/v/rite heads, an incrementing process takes 
place between the T -register and S-register, and the P- 
register. If data is to be read from the next sector, the 
number in the S-register must be increased by one so that 
a match between the S-register code and the selection unit 
sector signal code is possible. If the S-register contains 
the code 1011, which identifies sector 11, the next code 
in sequence must be 0000, and the track address in the T- 
register must be increased by one. Therefore, after the 
checksum stored in the P-regkter is compared with the 
checksum read from the selection unit, the contents of the 
T-register and S-^egister are stored in the P-register. This 
value is incremented by one in the process of return to the 
S-register and T-register so that these two registers contain 
the correct codes before the next sector is available. The 
contents of the T-register are also transmitted to the selec- 
tion unit by way of the P-register. 

In summary, during errorless execution of a read order, the 
following operations take p'ace: 

a. Immediately following storage of a read order, a 
search for the addressed sector is conducted. When the 
addressed sector is found, tiding signals from the selection 
unit control the B-counter to synchronize the selection unit 
circuits. The preamble code stored during the write opera- 
tion identifies the beginning of data bytes. 

b. Bits are received from the selection unit in serial 
form, stored in the D-register, and transferred in eight- 
bit bytes to the J -register. Data from the J -register is 
written into the FAM moduie. Service calls are requested 
by {he controller whenever four or more active bytes are 
in the FAM module. 

c. For an eight-bit data path I/O channel, bytes are 
read from the FAM module into the K-register, then to the 
O-register, and are accepted by the IOP from the O- 
register. For the 16-bit or 32 -bit data paths, bytes are 
read from the FAM module into the K-register and I- 
register, transferred to the O-register, then accepted by 
the IOP. 

d. After all data bytes have been read, a checksum 
developed during the read operation is compared with a 



checksum developed and written during the write operation. 
After comparison of the checksums, the P-register is used 
to increment the track address and sector address to prepare 
for reading the next sector, if necessary. (If the read order 
is ended, the track address and sector address are retained 
until a new order is executed or until a seek order is used 
to store a new track address and sector address. ) 

3-17 Chec'kwrite Order 

Data transfer during a checkwrite order is similar to that 
for a write order (figure 3-6). However, data is not trans- 
ferred from the D-register to the selection unit. Instead, 
the data that would normally be serially shifted out of the 
D-register to the selection unit is compared, bit-by-bit, 
with data read from the selection unit. The two sets of 
data should be identical, because the checkwrite order is 
used to compare data previously written and still in com- 
puter memory with data read from the same sector in which 
it wo* written. 

3-Io SELECTION UNIT INTERFACE 

The primary function of selection unit interface circuits is 
to receive signals from and to generate and transmit signals 
to the selection units. Signals passing between the EP RAD 
controller and an EP RAD selection unit are exchanged on 
lines common to all selection units in the EP RAD file. 
These signals perform the following functions: 

a. Address one of eight possible selection units. 

b. Identify the sector under the read/v/rito heads of 
the addressed selection unit. 

c. Transmit data and track address codes and asso- 
ciated liming signals between the controller and the selec- 
tion unit. 

d. Transmit status of the disc file to the controller for 
use in response to IOP commands. 

e. Transmit sector and index identification signals. 

f. Transmit signals which identify the type of order 
(write or read) to be executed. 

3-19 EP RAD SELECTION UNIT 

An EP RAD selection unit writes data on, or reads data 
from, the magnetic surface of the disc file in response to 
orders from the EP RAD controller. For each order, the 
controller addresses a selection unit, transmits a track 
address to it, and controls the process of writing or read- 
ing. (See figure 3-1. ) 

The controller stores a three-bit address and transmits 
three signals to device address circuits of ail selection 
units. The device address circuits of the addressed selection 
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unit generate an enabling signal which allows that selection 
unit to make use of the common transmission lines. 

The controller transmits an 1 1 -bit cede, of which 9 bits are 
a track address and 2 bits are not used, to the selection unit. 
The write -protect logic reads the code stored in the track 
register and generates a signal that indicates whether the 
addressed track is write -protected. During execution of a 
read order, write order, or checkwrite order, the con- 
troller transmits this 11 -bit code at the start of each sector. 
Signals from the track register permit only one of the 512 
read/write heads of the disc file to be active. Three bits 
select one of eight read/write coupler circuits; six bits 
select the center tap of one of the 64 read/write heads 
associated with the selected read/write coupler circuit. 

A four-bit counter in the EP RAD storage unit contains the 
address of the sector under the read/write heads. This 
fcpunter is cleared to 0000 by the index pulse read from the 



sector timing track. As each sector pulse is read at the 
start of a new sector, the counter is incremented. After 
the counter has advanced from 0000 to 1011, it is cleared 
by the index pulse. Output signals of this counter are 
compared with the contents of the sector register in the 
EP RAD controller to determine when the addressed sector 
is available. 

When the controller is processing a write order, it transmits 
a clock signal and a data signal to the write circuits. The 
write circuits use the Manchester encoding technique to 
store the data on the disc file through the selected read/ 
write head. 

When the controller is processing a read order, the read 
circuits extract a data signal and a clock signal from the 
signal originating at the selected read/write head. The 
data signal and the clock signal are transmitted to the 
controller. Additional signals from the selection unit 
indicate the status of the device. 
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Paragraphs 4-1 to 4 -4 



SECTION IV 
PRINCIPLES OF OPERATION 



4-1 SCOPE AND ORGANIZATION OF SECTION 

This section describes the operation of all circuits of the 
EP RAD file, including power distribution and control, 
electronic control of mechanical functions, EP RAD con- 
troller circuits, and EP RAD selection unit circuits. De- 
scriptions of circuit operation and function are supported 
by logic equations, logic diagrams, flow diagrams, timing 
diagrams, and schematic diagrams. Individual circuits 
related to the transfer of data through the EP RAD file are 
described in a sequence that proceeds from circuits func- 
tionally close to the IOP interface to circuits functionally 
close to the disc file. Cross-references relate the circuit 
being described to circuiis that provide inputs or accept 
outputs. 

The phase sequence charts described in paragraph 4-93 
include the controlling equations for changes of state, data 
transfers, and timing, wirh primary emphasis on the IOP 
interface. Operations related to a typical sequence of 
orders are described in paragraph 4-112. References to 
detailed descriptions of individual circuits are included. 
Paragraphs 4-112 and 4-93 may be used for a review of 
the detailed principles of operation or as a guide to the 
relation of the detailed circuit descriptions to the overall 
sequence of events during operation. 

The description of offline operation in paragraph 4-83 is 
related to the offline tests provided in paragraph 8-11. 
However, only the manually controlled signals are de- 
scribed because operation: following manual generation of 
control signals are identico! to related online operation. 

4-2 ELECTROMECHANICAL OPERATION 

The read/write heads of ihe EP RAD storage unit are con- 
tained in a pressurized section of the disc file not normally 
serviced in the field. Spacing between the read/write 
heads during normal operation and start sequences is gov- 
erned by the motor control assembly and the pneumatic 
system. During normal operation, spacing between read/ 
write heads and a magnetic surface of the disc file is main- 
tained by a thin film of air. During a start sequence, the 
read/write heads are held from the surface by a pneumat- 
ically-controlled head retraction mechanism. The pneu- 
matic system (figure 4-1) is operated through the motor 
control assembly. 

4-3 PNEUMATIC SYSTEM 

The pneumatic system of the EP RAD storage unit maintains 
the disc file bulkhead at a positive pressure during normal 



operation. During the start sequence, the pneumatic system 
relieves the force holding the read/write heads against the 
disc file surfaces. The compressor operates whenever ac 
power is applied through the circuit breaker on the motor 
control assembly. If the POWER ON-OFF switch is OFF, 
relays K12 and K14 are energized and relay K13 is de- 
energized, so that the air in the head retraction mechanism 
is vented to the atmosphere and the compressor maintains 
the pressure in the disc file bulkhead. After the POWER 
ON-OFF switch is set to ON, K12 and K14 are deener- 
gized and K13 is energized. This forces air into the head 
re^racticn mechanism to reduce the pressure of the read/ 
write heads against the disc surfaces before the disc file 
moror is started. Low-pressure switch S3 closes when pres- 
sure reaches 5 psi; high -pressure switch S2 closes when 
pre-jiure reaches 27 p:i. At this time, power is applied to 
the disc file motor, and a timing circuit is started. If the 
d*sc tile motor reaches 300 rpm within 4.5 seconds, KI3 is 
deenergized and K12 and K14 are energized, venting the 
head retraction mechanism to atmospheric pressure. The 
read/ write heads then ride on a thin film of air. If the 
4. ^-second period ends before the disc file motor reaches 
300 rpm, a mechanical brake is applied, the disc file 
rr.oior is stopped, and the pneumatic system returns to its 
initial state. If the POWER ON-OFF switch is set to OFF 
du.ing normal operation, the disc file motor is stopped and 
the pneumatic system returns to its initial state. 

4-4 MOTOR CONTROL ASSEMBLY 

Circuit elements of the motor control assembly (figure 6-4) 
sen^e phase connections of the ac power sour'.e, speed of 
the disc file motor, pressure, and temperatu r ?. The cir- 
cuits of the motor control assembly control the compressor, 
the disc file motor, and the mechanical brake of the disc 
file and provide voltage for dynamic braking. The circuit 
that includes transistors Q.7, Q8, Oil, and T2 senses all 
three phases of the ac power source and connects relay K4 
to ground through Qll if the source is improperly wired or 
if power on any phase is lost. The circuit that includes 
Ol, Q2, Q3, Q4, and Q9 senses the speed of the disc 
fi'i motor and provides a signal to other circuits when the 
speed reaches 300 rpm (nominal). The circuit that includes 
Q5, Q6, and Q10 is a timing circuit that connects K4 to 
ground 4.5 seconds after a trigger signal is received. The 
circuit that includes SCR1, SCR2, and SCR3 provides dc 
voltage for dynamic braking. This voltage is applied to 
the disc file motor through contacts Tl and LI of K6. The 
mechanical brake is controlled by +50V power applied 
through contacts of relay K4. Low-pressure switch S3 
closes at 5 psi; high -pressure switch S2 closes at 27 psi. 
If the disc file becomes overheated (greater than 1 30 F, 
nominal), the thermostat closes, connecting K4 to ground. 
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Paragraphs 4-5 to 4-9 



Circuits of the motor control assembly control the application 
of ac power to the disc file motor, prevent the operation of 
the disc file motor if it does not reach 300 rom within 4.5 
seconds after application of power, control the pneumatic 
system to prevent damage to the read/write heads or to the 
magnetic surfaces, monitor speed and temperature during 
normal operation, and control the stop sequence. The order 
of events during a start sequence is indicated in figure 4-2; 
timing diagrams are provided in figure 4-3. The order of 
events during a stop sequence is indicated in figure 4-4. 

4-5 POWER DISTRIBUTION 

The primary power source is connected to each EP RAD 
storage unit. Power can be controlled from the power dis- 
tribution panel or from a remote location and is provided to 
the motor control assembly, the PT20 power supply, the 
fans, and the WT29 Power Monitor module. Power from the 
PT20 power supply is provided to the EP RAD controller and 
to the EP RAD selection uni* (figure 6-2). 



module sense ac outputs of the power distribution panel 
(ACSENSE1 and ACSENSE2) and the +25V output of the 
PT20 power supply (POS25SENSE). When these signals 
indicate normal operation, signal AOK enables a gate con- 
trolling a one-shot. If these signals indicate abnormal 
operation, the one-shot is triggered and remains on for 10 
seconds (nominal) after normal operation has resumed. This 
operation causes writing to be inhibited, the selection unit 
to be disconnected, and any operation in process to halt. 
Signal AOK controls the PWERMON signal to the controller 
(figure 6-7). 

The slow ac sensor circuit of the power monitor reads the 
average value of the ac signal but is insensitive to noise 
spikes. The fast ac sensor circuit of the power monitor 
responds within a fraction of a cycle to rapid changes in 
the ac signal. The dc sensor is triggered when the dc volt- 
age falls below a preset level. A delay built into the cir- 
cuit prevents operation during a start sequence. Waveforms 
for the circuit are illustrated in figure 4-5. 



4-6 POWER DISTRIBUTION PANEL 



4-8 £P RAD CONTROLLER 



The power distribution pane! of each EP RAD stora^" unit 
controls the distribution of primary ac power to components 
within the EP RAD storage unit as well as to other EP RAD 
storage units. (See figure 6-1 . ) Three-phase 60-Hz power 
is always available at TBI of an EP RAD storage unit. Ap- 
plication of this ac power f c the disc file motor is under 
the control of the motor control assembly. Application o f 
ac power to the PT20 power supply, the fans, and the powei 
fail-safe circuit is under the control of the REMOTE-OFF- 
ON switch SI of the power distribution panel. 

When Si is in the ON position. Kl is energized and ac power 
from phase C is applied through Fl .o the primary of Tl, io 
the PT20 power supply, and to all fans. The output of *he 
secondary of Tl is applied to the power fail-safe circuits. 
(See paragraph 4-7. ) After the +25 V power supply of the 
PT20 power supply is operating, relay K3 is energized and 
a circuit is completed to grrund through contacts K3-2, 
K3-3, Kl-6, and Kl-3. This circuit controls online/of c !ine 
operations in the EP RAD cop -roller, '^ee paragraph 4-83.) 

When SI is in the REMOTE position, application of ac power 
is controlled from rhe computer. When ac power from the 
remote source appears at the contacts of Jl, time delay re- 
lay K5 is energized through Jl -X, the heating element of 
K5, contacts K4-5 and K4-4, resistor Rl, and Jl-W. After 
the contacts of K5 close, relay K4 is energized and latched 
and ac power goes from Jl-X to J2-X through K.4-6 and 
K4-5. The output of J2 goes to the next EP RAD storage 
unit in the EP RAD file. This ac power also goes through 
the contacts of SI to relay Kl, causing the same sequence 
of events initiuted when SI is in the ON position. 

4-7 POWER FAIL-SAFE CIRCUITS 

Euch EP RAD selection unit includes a WT2? Power Monitor 
module in location 4B. (See figure 6-3.) Circuits of this 



4-9 SUBCONTPOLLER 

Each device controller (DC) communicating with an IOP 
(as, for example, the EP RAD controller) includes a sub- 
controller which provides the following circuits: 

a. Relay logic and switches for placing rhe DC online 
or offline 

b. Logic elements to determine priority of ihe DC 

c. Cable drivers and cable receivers to connect the 
eig!. l -bit data path interface 

d. Switches for establishing the address of a DC and 
for providing a means of comparing the DC adiress gen- 
ercted by the IOP with the address of the DC 

e. A flip-flop that, when set, indicates that the de- 
vice is connected for service through the DC 

No! all possible functionsof the subcontrolier are used in 
each DC. Subcontrolier function used by the EP RAD con- 
troller are described in paragraphs 4-10 through 4-19. 

The subcontrolier consists of the following modules incor- 
porated in the EP RAD controller to interface with the IOP: 

Location Module Type 

C23 LT25 Special Purpose Logic Module 

C24 LT26 Switch Comparator Module 

C26 AT17 Special Purpose Logic Module 

C27 LT24 Special Purpose Logic Module 

C28 AT10 Cable Receiver Module 

C29 LT41 Special Purpose Logic Module 

C30 AT11 Cable Receiver/Driver Module 

C31 LT43 Special Purpose Logic Module 

C32 AT12 Cable Driver Module 
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CLOSE CBl 



PHASE A: ENERGIZE K12 AND 
KM (K!-2 TO K1-1) 



PHASE B: COMPRESSOR 
STARTS (CB1-5 TO NEUTRAL) 



PRESSURIZE BULKHEAD AND 
VENT HEAD RETRACTING 
MECHANISM 




LATCH K7 THROUGH (Kl-5 TO 
K\-6) AND (K7-15 TO K7-16) 
TO K7-1 



START 4.5-SECOND TIME DELAY 
BY APPLYING +25V THROUGH 
(K7-6 TO K7-7) AND S3 TO Q5 



PHASE A: ENERGIZE Kl 
SI-4TOS1-5 



YES 



PHASE A: ENERGIZE K2 
Sl-1 TOSJ-2 THEN 
S1-4 TO S1-5 



PHASE A: DEENERGIZE K!2 AND 
K14 BY OPENING PATH (Kl-2 
TO K1-1) 



PHASE A: ENERGIZE K13 
THROUGH (K1-? TO K1-3) AND 
(K3-15 TO K3-14) TO K13-2 



PHASE A: POWER TO Tl 
PRIMARY FOR ± 25V AND +50V 
POWER THROUGH (K2-2 TO K2-3) 



PHASE A: LATCH K2 (K2-5 TO 
K2-6) THROUGH (K8-1 5 TO K8--.4) 



PHASE A: ENERGIZE K5 THROUGH 
(K2-2 TO K2-3) AND (K10-4 TO 
K10-5) AND (K7-10 TO K7-9) AND 
(K4-I4 TO K4-15) TO K5-7 



APPLY POWER TO DISC 
FILE MOTOR 




AIR PRESSURE TC SWITCHES S2 
AND S3, AND TO HEAD 
RETRACTING MECHANISM 




AFTER K2 ENERGIZED, +50V 
ENERGIZES SOLENOID AND 
DISENGAGES DISC FILE BRAKE 
(K4-5 TO K4-6) 



S3 CLOSES 



HEADS RETRACT AS AIR 
PRESSURE BUILDS UP 




S2 CLOSES 



ENERGIZE K7 (+ 25V TO K7-1) 




[ENERGIZE M >JMD K8 BY 
GROUNDING K4-4 THROUGH Q10 



APPLY DISv: ERAKE BY OPENING 
+50V TO SOLENOID (K4-5 TO 
K4-6) 



REMOVE POW3R F.-.OM DISC 
FILE MOTC". BY OPENING 
(K4-14 TO K4-!5),DEENERGIZING 
K5 



TACHOMETER CIRCUIT (Ql, Q2, Q3, 
Q4,G9) TRIGGERED. ENERGIZE K3 
BY GROUNDING K3-4 THROUGH 
Q4. +25V LATCHING VOLTAGE 
APPLIED THROUGH (Kl-5 TO XI -6) 
AND (K7-15 TO K7-16) AND 
(K4-J2 TO K4-J1) TO Q4 (HOLD 
TAC HOME TE R C IRC UIT) 



DEENERGIZE K13 8Y OPENING 
(K3-I4 TO K3-15) 



CLOSE (K4-9 TO K4-10) IN 
PARALLEL WITH (K3-5 TO K3-6) 
UP-TO-SPEED SWITCH 



PHASE A: ENERGIZE K12 AND 
Kl 4 THROUGH {Kl-2 TO Kl-3) 
AND (K3-15TC :3-16) 



S3 AND S2 OPEN AS PRESSOR 
FALLS 



OPEN UP-TO-SPEED SWITCH 
(K3-5 TO K3-6} 
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Figure 4-2. Motor Control Assembly Start Sequence, Flow Diagram 
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NOTES: 

1. START OF 4.5-SECOND TIME DELAY 

2. NO TIME SCALE; SEQUENCE OF EVENTS ONLY 
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Figure 4-3. Motor Control Assembly Slarr Sequence, Timing Diagram 
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DEENERGIZE K7 BY OPENING 
PATH THROUGH (Kl-5 TO Kl-6) 
AND (K7-15 TO K7-16) AND 
(K8-6 TO K8-5) TO K10-1 



ENERGIZE K10 BY APPLYING 
+2.5V THROUGH (Kl-5 TO Kl-6) 
AND (K8-6 TO K3-7) 



DEENERGIZE K5 BY OPENING 
PATH THROUGH (K7-9 TO K? -10) 
AND (K4-14 TO K4-15) 



w 



PHASE A: ENERGIZE K15 
THROUGH (K10-3 TO K10-4) AND 
(K2-3 TO K2-2) 



DEVELOP 140 VDC FOR DYNAMIC 

BRAKING 

PHASE A: (K10-7 TO K10-6) 

PHASE B: (K10-10 TO K10-9) 

PHASE C: (Kl 0-13 TO K10-12) 




PHASE A: ENERGIZE K9 THROUGH 
PATH (K2-2 TO K2-3) AND{K10-4 
TO K10-3) AND (K15-2 TO K15-I) 



JL 



LATCH K9 (K9-3 TO K9-2) 



APPLY DYNAMIC BRAKING VOLT- 
AGE THROUGH (Tl TO LI) Or *6i 




APPLY DISC FILE BRAKF B\ 
OPENING (K4-6 TO K4-.\ 
REMOVING +50V FROM 
SOLENOID 



DEENERGIZE K2, OPENING 
LATCH TlwOUGH (K8-15 TO 
K8-14) AND (K2-5 TO K2-6', 



DEENERGIZE K9 BY OPENING 
PATH THROUGH (K9-2 TO *9-3) 
AND (K10-3 TO K10-4) AND 
(K2-3 TO K2-2) 



DEENERGIZE K6 BY OPENING 
(K9-6 TO K9-5) 



ENERGIZE K4 BY GROUNDING 
IT THROUGH THERMOSTAT 



REMOVE AC POWER FROM 
PRIMARY OF Tl 



1 



±25V OUTPUT OF POWER SUPPLY 
FALLS, CAUSING K4, K8, K10, AND 
K15 TO BE DEENERGIZED 
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Figure 4-4. Motor Control Assembly Stop Sequence, Flow Diagram 
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4-10 Function Strobe and Function Indicators 

The subcontroller CGn respond to a function strobe signal 
/FS/ accompanied by one of the following function indi- 
cator signals: 



Function Indicator 



Function 



AIOR 


Acknowledge interrupt ca 


ASCR 


Acknowledge service call 


HIOR 


Halt input/output 


SIOR 


Stait input/output 


TDVR 


Test device 



TIOR 



Test input/output 



The HIO, SIO, TDV, and TIO functions are always ad- 
dressed to a specific DC, and nnly the subcontroller asso- 
ciated with the addressed DC can respond. The AIO and 

? ASC functions ate not addressed to a specific DC, and each 
subcontroller associated with an IOP receives the function 
strobe and function indicator in a priority sequence estab- 
lished by cable connections. !f a rubcontroller in a DC 
does not respond, the AIOR or ASCR function indicator 
enables the subcontroller of the next DC in the priority 
sequence to respond. If the suLcontro! ler does respond, it 
acknowledges the function strobe and generates function 
response signals, condition code signals, and other signals 
related to the function. 

The HIOR, SIOR, TDVR, and TIOR function indicator sig- 
nals are generated when the CPU processes an instruction. 
The AIOR function indicator signal is generated in response 
to an interrupt call by a DC (as, for example, the EP RAD 
jpntroMer). 

ICD = LIL 

LIL '= NAIOR INC CIL (True when CIL set) 
+ AIOR INI LIL NRSTR (Latched until 
AIOR false) 

The conditions for which flip-fiop CIL is set are described 
in paragraph 4-34. 

The ASC function indicator signal is generated in response 
to a service call by a DC. 



SCD 



= LSL 



LSL = NASCR INC SCN (True when SCN set) 
+ ASCR INI LSL NRSTR SCN (Latched 

until ASCR 
false) 

The conditions for which flip-fiop SCN is set are described 
tKuagraph 4-32. 



4-11 IOP Data Line Signals 

The IOP data line signals consist of DAOR through DA7R, 
which may contain en address or terminal order information. 
(During execution of orders, these lines transmit data bytes. ) 

Signals DAOR through DA3R are compared with the settings 
of the switches on the LT26 Switch Comparator module to 
generate device controller addressed signal DCA. 



DCA = N(DA3R NSVVA3 + 
+ NDA2R SWA2 + 
+ DA1R NSWA1 + 
+ DAOR NSWAO + 



NDA3R SV/A3 
DA2R NSWA2 
NDA1RSWA1 
NDAOR SWAO) 



If any pair of corresponding bits of the DAnR inputs and the 
SWAn inputs (where n represents any integer from to 3) 
are different, signal DCA is false; therefore, signal DCA 
is true when the IOP data line code is identical to the ad- 
dress code set in the switches, indicating that the device 
controller is addressed. 

Signals DA5R through DA7R contain the device address 
code and control signals SUOD through SU2D. 

SUOD = DA5R IOP+ ... 

SU1D = DA6R IOP+ ... 

SU2D = DA7R IOP + ... 

For terminal orders, signals DAOR through DA3R indicate 
interrupt, count done, command chaining, or IOP halt, as 
described in detail in paragraph 4-34. 

4-12 Priority Signals 

Signal-; HPI, HPS, LIL, LSL, AVI, and AVO control priority 
when the EP RAD controller is online. The IOP generates 
an AViR signal that is always true. This signal goes to the 
highest priority device convrolier at all times. When the 
IOP generates a true function strobe signal (FSR), ecch 
DC, beginning with the highest priority DC, responds to 
the AVIR signal in priority sequence. If a DC doe; rot 
generate a function strobe acknowledge signal, the DC 
passes iho AVIR signal on to the next DC in sequence in 
the form of a true AVOD signal. 

In the EP RAD controller, a true AVOD signal is generated 
in one of *hree ways. 

AVOD = AVIR FSR AIOR NAIOM (AIO function) 
+ AVIR FSR ASCR NASCM (ASC function) 
+ AVIR FSR NDCA TTSH (TDV, TIO, 

SIO, or HIO 
function) 
TTSH = TDVR + TIOR + SIOR + HIOR 

For an AIOR function indicator, a tr-;e AVOD signal is 
generated if either interrupt flip-flop CIL is reset or if 
high priority interrupt bus HPI is at the true level. 
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AVOD = AVIRFSRAIOR NAIOM + ... 

AIOM = NHPIL LIL + LIH 

HFIL = NAIORHPIR + AIOR HPIL 

LIL = NAIORINCCIL 

+ AIOR INI LIL NRSTR 

LIH = NAIOR INC CIL GND } ., , , 

+ AIOR INI NRSTR LIH | Always false 

For a service call function indicator (ASCR), a true AVOD 
signal is generated if service call flip-flop SCN is in the 
reset state or if high priority service signal HPSR is at the 
true level. 

AVOD = AVIR FSR ASCR NASCM + ... 

ASCM = NHPSL LSL + LSH 

HPSL = NASCRHPSR + ASCR HPSL 



LSL = NASCR INC SCN 

+ ASCR INI LSL NRSTR SCN 

LSH = NASCR INC SCN GND 

+ ASCR INI LSH NRSTR SCN 



Aiv/cys 
false 



For all other function indicators (TDVR, TIOR, SIOR, cr 
HIOR), a true AVOD signal is generated if the device con- 
troller is not addressed. 

AVOD = AVIR FSR NDCA TTSH + . . . 

TTSH =-• TDVR + TIOR + SIOR + HIOR 

DCA = Device controller addressee 

4-13 Subcontroller Respons e 

When the subcontroller doe* not generate a true AVOD 
signal, it generates a true function strobe acknowledge 
signal, regardless of the type of fund on indicator. The 
conditions which control PHTSLare described in paragraphs 
4-20 through 4-29. 

FSLD = PHFSL-1 TTSH DCA 

(TDVR, TIOR, SIOR, HIOR) 

+ PHFSL-1 BSYC (ASCR or AIOR) 

BSYC = AVIR FSR ASCR ASCM (ASCR) 

+ AVIR AIOR AIOM PHFSL-1 (AIOR) 

PHFSL-1 = PHFSL 

After generating the function strobe acknowledge signal, 
the subcontroller generates additional signals that depend 
on the function indicator signal. The signals include func- 
tion response signals, condition code signals, requeststrobe 



signals, and service cycle identification signals. These 
signals are used by the IOP to determine the type of re- 
sponse required. Paragraphs 4-14 through 4-19 group these 
signals for each type of function indicator. 

4-14 TDV FUNCTION INDICATOR. For a TDV function 
indicator, function response signals FROD, FR2D, andFR3D 
contain information, and other function response signals 
are always false. 

FROD = (TDVR DCA FSD) RER 

+ ... (True if rate error detected) 

FR2D = (TDVR DCA FSD) SUN 

+ ... (True if sector unavailable) 

FR3D = (TDVR DCA FSD) WPV 

+ ... (True if write protection violation) 

The conditions for which flip-flops RER, SUN, and WPV 
are ret are described in paragraph 4-72. 

Condition code signals (IORD, DORD) are conl.-olled by 
erro r flio-flops RER, SUN, and WPV and by device opera- 
tional flip-flop OPER. 



IORD 



PHFSL IORDEN 
+ ... (True if no errors have 
occurred) 



IORDEN = NIORDEN1 + ... 



NIORDEN1 



TDVU NFAULT + ... 



NFAULT = NRER NSUN NWPV 
DORD 



= DORDEN PHFSL 

+ ... (True if device operational) 



DORDEN = OPER + ... 

Th-3 conditions for which flip-flop OPER is set are described 
in paragraph 4-23. 

4-15 TIP FUNCTION INDICAT OR. For a TIO function 
indicator, FROD through FR6D contain information as listed 
in table 4-1. Function response signal FR7D is always false. 

Th,, function response signal equations are: 

FROD = BFSD TSH CIL + ... 

BFSD = FSLD 

TSH = DCA (TIOR + HIOR + SIOR) 

FR1D = BFSD TSH DVBSY + ... 

DVBSY - DCB DVSEL 
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Table 4-1. 


Information in Function Response Signals for 


TIO, HIO, or SIO Commands 




INFORMATION 


FUNCTION RESPONSE SIGNAL* 


FROD 


FR1D FR2D FR3D FR4D FR5D FR6D 


FR7D 


Interrupt pending 






v 1 


X X X X X X 





Device automatic 






X 


X X IX X x 





Unusual end 






X 


X X X 1 X X 





EP RAD ready 






X 


X X X X 





EP RAD busy 






X 


1 1 X X X X 





EPRAD not operational 






X 


1 X X X X 





Controller ready 






X 


X X X X 





Controller busy 






X 


XX X X 1 1 





*An X indicates that the 


signal is not related to that information 







• 



FR2D = BFSD TSH SYSH02 + . . . 

STSH02 = DVBSY + NOPER 
FR3D = BFSD TSH DVTR + . . . 

FR4D = BFSD TSH UNE + ... 

FR5D = BFSD TSH DC3 + . . . 

FR6D - BFSD TSH DC 3 + ... 

FR7D ~ BFSD TSH GND + ... 

data/order signal equations a^: 
IORD = PHFSLIORDEN + ... 

IORDEN = NIORDEN1 + ... 

NIORDEN1 = TIOU OPER NCIL NDCB + ... 
DORD = DORDEN F'HFSL + ... 

DORDEN = OPER l ... 



4-16 HIP FUNCTION INDICATOR. For an HIO function 
indicator, function response signals FROD through FR6D 
contain information as listed in table 4-1. Function 
response signal FR7D is always false. The equations for 
function response signals are the seme as those for the TIO 
function indicator. 

The condition code signals (IORD, DORD) are controlled 
by device busy signal DVBSY and device operational flip- 
kOPER. 



IORD 



IORDEN 



= IORDEN PHFSL + ... 
= NIORDEN1 + ... 



NIORDEN1 = NDVBSYHIOU + ... 

DORD = DORDEN PHFSL + ... 

DORDEN = OPER + ... 

4-17 SIO FUNCTION INDICATOR. For an SIO function 
indicator, function response signals FROD through FR7D 
contain information as listed in tabie 4-1. Function re- 
sponse signai FR7D is always false. The equations foi func- 
tion response signals are the same as those for the TIO func- 
tion indicator. 

The condition code signals (IORD, DORD) are: 

IORD = PHFSLIORDEN + ... 



IORDEN 
DCBSET 
SIOPOSS 
DORD 



DCBSET + ... 
OPER SIOPOSS PHFSL 
NCIL NDCB SIOU 
PHFSL DORDEN + ... 



DORDEN = OPER + ... 

Flip-flop CIL is the interrupt pending flip-flop, which is 
set by a terminal order as described in paragraph 4-34. 
Flip-fiop DCB is the device busy flip-flop,- which is set 
when an SIO is accepted by the device controller. This 
flip-flop prevents any new SIO from being accepted until 
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processing is completed. The possible condition codes and 
their meaning are: 



IORD DORD 



Meaning 

Device not operational 

Interrupt pending, device busy, 
or controller busy 

SIO accepted 



4-18 AIO FUNCTION INDICATOR . For an AIO function 
indicator, the EP RAD coni roller places its address on func- 
tion response lines FROD through FR3D and places the unit 
address stored in the unit register (U0 through U2) on func- 
tion response lines FR5D through FR7D. Function response 
signal FR4D is always false. 

The logic equations for the function response signals are: 

FROD = BSYC SWAO + . . . 

BSYC = AIOMAIORAVIR PHFSL-1 + ... 

FR1D = BSYC SWA1 + ... 

FR2D = BSYC SWA2 + . . . 

FR3D = BSYC SWA3 + . . . 

FR4D = BSYC GND + ... 

FR5D = BSYC U0 + ... 

FR6D = BSYC Ul + ... 

FR7D = BSYC U2 + . . . 

The condition code (IORD, DORD) is (1, 1) only for the 
subcontroller having the highest priority and a pending in- 
terrupt (CIL set). 

IORD = PHFSLIORDEN + ... 

IORDEN = NIORDEN1 + ... 

NIORDEN1 = AIOC NFAULT + ... 

NFAULT = NRER NSUN NWPV 

AIOC = AIOMAIOR AVIR 

+ AIOC PHFSL-1 INI NRSTR 

DORD = DORDEN PHFSL + ... 

DORDEN = AIOC + ... 



A condition code (IORD, DORD) of (0, 1) indicates a fault 
condition (RER, SUN, or WPV) in the controller responding 
to the AIO command. 

In addition to function response signals and condition code 
signals, status signals are generated and transmitted through 
signals /DAO/, /bA2/, and /DA3/. 



/DAO/ 
O00 



O00 + ... 
OXAIOST RER + .. 



OXAIOST •= AIOC FSU 



/DA2/ 


= 002+ ... 


O02 


= OXAIOST SUN + 


/DA3/ 


= O03 + ... 



O03 = OXAIOST WPV + ... 

4-19 ASC FUNCTION INDICATOR. The ASC function 
ind'cctor is a response of the IOP to a service call from the 
EP RAD controller ond can occur only after an SIO command 
has been accepted, causing service call flip-flop SCN to 
be di.ect set and service call signal SCD to bo raised. 



SCD 



LSL 



LSL 



NASCR INC SCN + ... 



Service calls are a part of the execution of th<= i«?ek order, 
sense order, write order, read order, and checkwrite order. 
For an ASC function indicator, the function response sig- 
nal contains the same address information os described for 
an AIO function indicotor (paragraph 4-18), but ihe BSYC 
signal is controlled by different signals. 

BSYC = ASCMASCRAVIR FSR + ... 

The ASC function indicator causes service connect flip-flop 
FSC to be set. 

S/FSC = ASCB 

ASCB = (delayed NFSC) ASCM ASCR AVIR FSR 

C/FSC = NFSC FSR + ... 

Service connect flip-flop FSC is normally set during the 
order out service cycle that starts an input/output sequence 
and is not reset until the IOP generates end service signul ESR. 

R/FSC = FSC ESR 
C/FSC = FSC RSD + ... 
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the timing of signals controlling typical input/ourput opera- 
tions. 

4 ~ 21 TCL Delay Line (See figure 4-7) 

The TCL delay line, which provides timing signals for 
changes of phase, is controlled by IOP signals and by sig- 
nals originating in the controller. 

For online operations, signal CYCLE/C remains true after 
each cycle of the TCL delay line, because CYCSET latches 
when TCS300 is true. 

CYCLE/C = CYCSET IOP + ... 

CYCSET = NTCL050 (TCS300 + CYCSET + . . . ) 

Signal CYCLE/C is an input to start gates of the TCL delay 
line. Ofher signal inputs \o these gates come true for var- 
ious conditions of the phare flip-flops and subcontroller 
signals, as described in paragraphs 4-22 through 4-29. 
When all inputs to one of Lie start gates are true, signal 
DCL is true and the TCL delay line is started. 

After a 50-ns delay, signc! CYCSET goes false as TC 1.050 
goes true. However, the delay line pulse is stretched to 
80 ns by a gaie which is held true while signal NTCSC80 
is true. 

DCL - TCS000-2 N T CS080 + ... 

The TCL dsiay line provides an 80-ns pulse at delays of 0, 
50, 80, 100, 180, and 300 ns. When the 3C0-ns signal is 
true, CYCSET becomes true and is latched as before. 

4-22 Phase F lip-Flops 

Phase flip-flops NPHFS, PHFSZ, PHFSL, PHRSA, PHRS, 
and PHTO, which control incuts to the TCL delay line, 
cycle through a sequence of phases determined by com- 
mands and orders received f rom the IOP. (See figure 4-8. ) 
AH phase flip-flops are clocked by signal TCS100-3, which 
is true 100 ns after the TCl delay line is started. (Thefiip- 
flcps change state on the falling edge of this signal. ) 

C/NPHFS = TC SI 00-3 

C/PHFSZ = TCS100-3 

C/PHFSL = TCS100'3 

C/PHRSA = TCS100-3 

C/PHRS = TCS1 0-3-3 

C/PHTO = TC SI 00-3 

When flip-flop DCB is resei-, flip-flops PHRSA, PHRS, and 
PHTO are direct reset. 



E/PHRSA = NDCB-1 



NDCB-1 = NDCB IOP + 



E/PHRS 
E/PHTO 



= NDCB-1 
= NDCB-1 



A reset signal received from the computer through the IOP 
direct resets flip-flops NPHFS, PHFSZ, and PHFSL. 

E/NPHFS = MANRST-1 

MANRST-1 = RST.R + ... 



E/PHFSZ 
E/PHFSL 



= MANRST-1 
= MANRST-1 



Since this signal also reset DCB, the initial condition of 
the phase flip-flops is all reset so that signal PHFS is true 
and all other signals (PHFSZ, PHFSL, PHRSA, PHRS, and 
PHTO) are false. Only one phase flip-flop can be in the 
set state at any time. 

4-23 RESPONSE TO IOP COMMANDS . The sequence of 
phases in response to an IOP command (SIO, A JO, HICX 
TiO. ? or TDV) is independent of the function indicator. A 
function indicator and its associated function ctrobe (FSU) 
star'- the TCL delay line when an addressed TIO, TDV, SIO, 
or HIO command is received (TTSHU DCAU) or when an 
AIO is received and the controller has an interrupt pending 
(AIOC). 



DCL 



DCLSTART1 



- CYCLE/C DCLSTART1 + .. 

= PHFS FSU TTSHU DCAU 
+ PHFS FSU AIOC + ... 



After an 80-nsdeIay, OPER is reset to prepare for sampling 
a signal from the selection unit. 

R/OPER = PHFS 
C/OPER = NTCS080 

Transfer from phase FS to phase FSZ takes place 100 ns 
af'er the TCL delay line is started. 

S/NPHFS = PHFS 
S/PHFSZ = PHFS 

The TCL delay line is started as soon as PHFSZ is ser. 

DCL = CYCLE/C PHFSZ + ... 
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Figure 4-7. TCL Deiay Line, Timing and Logic Diagram 
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FROM SHEET 7 



K> C 



FS 



J 



FSZ 



FSL 



START 



3 



v 



WAIT FOR FUNCTION STROSE 
AND FUNCTION INDICATOR 



START TCL DELAY LINE 



RESET OPER 



START TCL DELAY LINE 



SAMPLE DVTR 



ir 



ENABLE FUNCTION RESPONSE 
SIGNALS (FR0D-FR7D) AND 
CONDITION CODE SIGNALS 
(DORD, IORD) AND FSLD 



START TCL DELAY LINE 




TO SHEET 2 



NOTES: 



1. 
2. 



3. 



NO ERRORS OCCUR DURING OPERATION 
COUNT DONE TERMINAL ORDER ENDS 
EXECUTION OF READ ORDER, Vv'RiTE ORDER, 
ORCHECKWRITE ORDER, AND CAUSES 
TRANSFER TO ORDER IN SERVICE CYCLE 
END SERVICE SIGNAL RECEIVED DURING 
ORDER IN SERVICE CYCLE 
CONTROLLER OPERATING IN EXTENDED 
PERFORMANCE MODE (EXT TRUE) 



""t** - 
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Figure 4-8. Simplified Phase Sequence, Flow Diagram (Sheet 1 of 7} 
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FROM SHEET 1 
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SERVICE 
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SET FSC: RAISE RSD 
RESET SCN 
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U!LJ 



I RSA J 



LOAD ORDER REGISTER 
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113 



UEl 



SET DATA 
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TO SHEET 4 




TO SHEET C 



TO SHEET 5 
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Figure 4-8. Simplified Phase Sequence, Flow Diagram (Sheet 2 of 7) 
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FROM SHEET 2 



V 



Q 



FS, FSZ 



MARK SCN : RAISE SCD 



FS 



n 



v 



RSA 



J 



ET 



RAISE RSD 
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ERROR 
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Figure 4-8. Simplified Phase Sequence, Flow Diagram (Sheet 3 of 7) 



4-17 



XDS 901565 



FROM 



FS, FSZ 



r 



FSL 



RS 



J RSA T 



SHEET 2 (— | 
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SERVICE 
CYCLE 



MARK SCN: RAISE SCD 
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_L 
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A 



RAISE RSD 



NO 



YES 
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RESET DATA 



TO SHEET 7 



ERROR 



1 



RS 





NO 



TO 



n 
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Figure 4-8, Simplified Phase Sequence, Flow Diagram (Sheet 4 of 7) 
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Figure 4-8. Simplified Phase Sequence, Flow Diagram (Sheet 5 of 7) 
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Figure 4-8. Simplified Phase Sequence, Flow Diagiarn (Sheet 6 of 7) 
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Figure 4-8. Simplified Phase Sequence, Flow Diagram (Sheet 7 of 7) 
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Before PHFSZ is reset, OPER samples device test signal 
DVTR. 

S/OPER = DVTROPERSET 

OPERSET = TTSHU PHFSZ 



C/OPER 



= NTCS080 



After a 100-ns delay, PHFSZ is reset and PHFSL is set. 
R/PHFSZ = ... 

S/PHFSL = PHFSZ 

While PHFSLis set, function response signals and condition 
code signals are enabled in thesubcontrollerand transmitted 
to the IOP as described in paragraphs 4-13 through 4-19. 
The TCL delay line is started as function strobe signal FSU 
es false. 



cges 



DCL 



CYCLE/C DCLSTART3 + 



DCLSTART3 = PHFSL NFSU + 



After a 100-ns delay, NPHFS and PHFSL are reset. (Ser- 
vice connect flip-flop FSCisset only after anSIO command 
is accepted. ) 

R/PHFSL = ... 
R/NPHFS - PHFSET 

PHFSET = NFSCU PHFSL + ... 



FSCU 



IOP FSC 



For all IOP commands but an accepted SIO, the phase flip- 
flops Wait for a new command. If an SIO is accepted, 
device controller busy flip-flop DCBisset during phase FSL. 

S/DCB 



DCBSET 



= DCBSET 

= OPER PHFSL SIOPOSS 



SIOPOSS = NCIL NDC8 SIOU 



C/DCB 



NTCS080 



An SIO is accepted if the controller is not busy with a pre- 
vious I/O operation (NDCB), no interrupt is pending (NCIL), 
and the device is operable (OPER;. If DCB is set, service 
call flip-flop SCN is direct set after a return to phase FS, 
and the service call line is raised. (See paragraph 4-32.) 

M/SCN = CYCLE/C SCN MEN 

SCNMEN = DCB PHFS N(NSCNMEN) 

N(NSCNMEN) = (NDATA SCNMEN2 
+ ...) NUNE 

SCNMEN2 = NRWE (NWCHW + ...) 



SCD 



LSL 



= LSL 

= NASCR INC SCN + 



The phase control circuits wait for an acknowledgement of 
a service call. Flip-flop DCB can be reset only during 
phase TO of an order in service cycle (except for manual 
reset). 



R/DCB 

DCBRST 



= DCBRST 
= DCBRST1 + 



DCBRST1 = DCBRSTEN ORDIN PHTO 

DCBRSTEN = NCCH + ES + UNE 

During phase TO, DCB is reset if an end service signal is 
received (ES), if an unusual end occurs (UNE), or if com- 
mand chaining is not ordered (NCCH). Therefore, once an 
SIO has beenaccepted and DCB has been set, an I/O opera- 
tion takes place. 

4-24 ORD ER OUT SEQUENCE . An order out service cycle 
immediately follows acceptance of an SIO command from 
the IOP. When function strobe FSR coincides with an ac- 
knowledge service call addressed to the EP RAD controller 
(ASCM ASCR;, the TCL deiay line is started. 



DCL 



CYCLE/C DCLSTART1 + 



DCLSTART1 = PHFS FSU BSYCU + ... 

DSYCU = BSYC IOP + ... 

3SYC = ASCM ASCR AVIR FSR 

Phases F c , FSZ, and FSL or-) controlled by the. same equa- 
tions dcvciibed in paragraph 4-23. However, service con- 
nect flip -tlop FSC is set during phase FSL as the function 
strobe goes talse. 

S/FSC = ASCB 

ASCB = (NFSC delayed) ASCM ASCR AVIR FSR 

C/FSC = NFSC FSR + ... 

Therefore, after a 100 ns delay, PHFSL is reset, PHRSA is 
set, anH request strobe signal RSD is raised. 

RAiJFSL ■ = ... 

S/PHRSA = PHRSASET FSCU 

FSCU = FSC IOP + ... 

PHRSASET = PHFSL NIN + ... 
RSD 



RSET 



= FSC NRSAR (FSCU RSD 
+ RSET N PHRSA + ...) 

= PHFSL NIN 
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Paragraph 4-25 



Service connect flip-flop FSC remains in the set stare until 
end service signal ES is true. Signal ES, which is gener- 
ated by the IOP, causes a reset as request strobe signal RSD 
goes false in response to a true request strobe acknowledge 
signal RSAR. 

R/FSC = ESR FSC 

C/FSC = FSC RSD + ... 

RSD = FSC NRSAR (FSCU RSD + ...) 

FSCU = FSC TOP + ... 

When the IOP acknowledges the request strobe, signal RSAR 
is true, signal RSD goes false, and the TCL deiay line is 
started. 

DCL = CYCLE/C PHRSA RSAU + ... 

During phase RSA of an order out service cycle, the order 
code is stored in the order register as described in paragraph 
4-31. After a 100-ns delay, PHRSA is reset and PHRS is 
set. 

R/PHRSA = ... 

S/PHRS = FSCU PHR5ET 

PHRSET = PHRSA + ... 

Request strobe line RSD is raised when phase RS is entered. 

RSD - FSC NRSAR (FSCU RSD 

+ PHRS TCS000-2 + ...) 

The TCL delay line is started after request strobe acknow- 
ledge signal RSAU is false. (Signal NDATA is true because 
an order out service cycle J* In process. ) 

DCL = CYCLE/C DCLSTART3 + ... 

DCLSTART3 = PHRS NDATA NRSAU + ... 

After a 100-ns delay, phase TO is entered, and the TCL 
delay line is startec when the request strobe is acknow- 
ledged. 

R/PHRS = ... 

S/PHTO 

DCL 

DCLSTART1 



PHRS ED 

CYCLE/C DCLSTART1 + 

PHTO RSAU + ... 



R/PHTO = ... 

R/NPHFS = PHFSET 

PHFSET = PHTO + ... 

Subsequent operations depend upon the order code stored. 
(See table 4-2 for order codes. ) 

Table 4-2. Order Signals 



ORDER 


CODE* 


SIGNALS 


Always True' 


True When NPHRSAOO 


Seek 

Sense 

Read 

Write 

Checkwrite 


X XXI 1 

X0100 
XXX 10 
X X001 
X X101 


SEEK 

SENSE 

READ 

WRITE 

CHWR 


SEKSEND 
SEKSEND 
RCHW, WRCH 
WCHW, WRCH 
RCHW, WCHW, WRCH 


*Order register bits 0, 1, 2, 3, 4; IOP data line bits- 3, 4, 
5, 6, 7 

Except during order register load, when all signals are 
false, and after which one signal becomes true 



4-25 SEEK ORDER SEQUENCE . If a seek order code is 
stored during the order out service cycle, the (L>ATA, IN) 
flip -flops request a data out service cycle (1 , 0) as de- 
scribed in paragraph 4-30. While signal PHFS Is true, a 
service cycle is requested by setting SCN. Tho TCL delay 
line is started when the function strobe signal and ihe ac- 
knowledge service call signal are received. 



M/SCN 



CYCLE/C PHFS DCB 
N(NSCNMEN) 



N(NSCNMEN) = NCDN DATAOUT SCR + 



DCL 



DCLSTART1 



= CYCLE/C DCLSTART1 + ... 
= PHFS FSU BSYCU + ... 



After a 100-ns delay, phase FS is entered. 



(Flip-flop SCR is set during the order out service cycle. ) 

Phases FS, FSZ, and FSL are controlled by the same equa- 
tions described in paragraph 4-23. However, at the end 
of p'iase FSL, PHRSA is set, the request strobe signal RSD 
is raised, and the byte counter is decremented. (See para- 
graph 4-33 for a description of the byte counter. ) 
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R/PHFSL = ... 

S/PHRSA = PHRSASET FSCU 

PHRSASET = PHFSL NIN + ... 

FSCU = IOP FSC + ... 

RSD = FSC NRSAR (FSCU RSD 

+ PHRSA RSET + ...) 

RSET = PHFSL NIN 

NBKCK = PHRSA SEKSEND TCS000-3 +... 

SEKSEND = SEEK NPHRSAOO + ... 

When the request strobe is acknowledged, the TCL delay 
^e is started and IOP data is stored in the I-register. 

DCL ■ = CYCLE./C PHRSA RSAU -■ ... 

RSAU = IOP RSAR + ... 

IXD = PHRSADC TCS000-3 

PHRSADO = PHRSA DATAOUT 

After a 100-ns delay, PHRSA is reset and PHRS is set. 

S/PHRS = FSCU PHRSET 

PHRSEY = PHRSA + ... 

Once PHRS is set, the TCL dehy line is started when RSAR 
is false and RSD is raised once more. 

DCL = CYCLE/C DCLSTART2 NRSAU + . . 

DCLSTART2 = PHRS SEKSEND + ... 



EDI 



= EDISET1 NPHRSA + FSCU EDI + . . . 



RSD 



FSC NRSAR (FSCU RSD 
+ PHRS TCS000-2 + ...) 



Transfer from phase RS is to phase RSA or to phase TO, de- 
pending upon the end data signai. (See figure 4-8. ) 

S/PHRSA ■ = PHRSA3H FSCU 

PHRSASET = PHRSNED + ... 

PHRSNED - PHRS NED 

S/PHTO = PHRS ED 

Signal ED comes true after the second byte has been ac- 
cepted from the IOP, as indicated by the byte counter. 
(See paragraph 4-35. ) 



EDISET1 = SEEK BKZW + 



Thus the flip-flops cycle between phase RSA and phase RS 
untii the end data signal enables transfer to phase TO. The 
TCL delay line may be started in either of two ways in phase 
TO. 



DCL 



= CYCLE/C DCLSTART1 

+ CYCLE/C DCLSTART2 NRSAU 
+ . . . 



DCLSTART1 = PHTO RSAU 



DCLSTART2 = PHTO ES + 



Therefore, if the IOP has generated an end service signal, 
the TCL delay line is started after phase TO is entered with- 
out waiting for acknowledgement of the requeststrobe raised 
at the start of phase RS. Otherwise, the TCL deiay line is 
not started until RSAR is true. In either case, phase FS is 
entered from phase TO. After 100 ns, the (DATA, IN) 
flip-flops are placed in the (0, 1) state to request an order 
in service cyc'e, as described in paragraph 4-30. 

R/PHTO = ... 



R/NPHFS 



PHFSET 



PHFSET = PHTO + ... 

4-26 SENS E ORDER SEQUENC E. If a sense order code is 
stored djring the order out service cycle, the (DATA, IN) 
flip-Hops request a data in service cycle (1, 1) as described 
in paragraph 4-30. While signai PHFS is true, a service 
cycle is requested by setting SCN. The TCL delcy line is 
started when a function strobe signal is received. 

M/SCN = PHFS DCB N(NSCNMEN) 

N(NSCNMEN) = NCDN SEN NTSE + ... 
DCL - CYCLE/C DCLSTARTi *■ ... 



DCLSTART1 



= . PHFS FSU BSYCU + 



Phase FS, FSZ, and FSL are controlled by the same equa- 
tions described in paragraph 4-23. However, af the end of 
phase F^L, PHRS is set and the first byte of sense dota is 
stored i.i the O -register. 

R/PHFSL 



S/PHRS 



FSCU 



= FSCU PHRSET 



FSC IOP + . 



PHRSET = PHFSL IN + . . 



OXSENSE1 - SENSE OXKEN BKZZ 



OX KEN = DATAIN NED PHRS 
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After PHRS is set, the TCL delay line is started and request 
strobe signal RSD is raised. 

DCL = CYCLE/C DCLSTART2 NRSAU 

■ + . . . 

DCLSTART2 = PHRS SEKSEND + ... 

SEKSEND = SENSE NPHRSAOO + ... 

PHRSAOO = PHRSA ORDOUT 



EDI 



RSD 



FSC NRSAR (FSCU RSD 
+ PHRS TCS000-2 + ...) 



After a 100-ns delay, PHRS is reset and PHRSA is set. 

R/PHRS = ... 

S/PHRSA - PHRSASET FSCU 

PHRSASET = PhV.SNED + ... 

PHR5NED = PHRS NED 

When the request strobe h acknowledged, the TCL delay 
line is started and the byte counter is decremented. 

DCL = CYCLE/C PHRSA RSAU + ... 

RSAU = RSAR + ... 



NBKCK 



= PHRSA SEKSEND TCS000-3 + ... 



SEKSEND = SENSE NPHRSAOO + ... 

After a 100-ns delay, PHRSA is reset and PHRS is set. 

R/PHRSA = ... 

S/PHRS = FSCU PHRSET 

PHRSET = PHRSA + ... 

The request strobe is raised as in the previous RS phase, 
and data is transferred through the K-register to the O- 
register. (For this operation, the K-register functions as 
a gate. ) 



OXK 



= OX KEN TCSOOO-2 



OXKEN = DATA'N PHRS NED 

(During the previous RS phase, nodata was in the K-register. ) 
When the request strobe is acknowledged, PHRSA is 
set as before. Transfer between phase RS and phase RSA 
continues until all sense data has been transmitted to the 
IOP, as indicated by the end data signal through the byte 
counter which is incremented during phase RSA. (See 
figure 4-8. ) 



EDISET1 



EDISET1 TSC0O0-2 
+ EDI FSCU + ... 

SENSE BKWZ + ... 



After ED is true, PHTO is set, as described in paragraph 
4-25. The (DATA, IN) flip-flops are set to (0, 1) to re- 
quest an order in service cycle, and phase FS is entered. 

R/PHTO = ... 

R/NPHFS = PHFSET 

PHFSET = PHTO + ... 

4-27 W RITE ORDER OR CHECKWRITE O RD ER SEQUENCE . 
If either a write order code or a checkwrite order code is 
stored during the order out service cycle, the (DATA, IN) 
flip-flops request a data out service cycle (1, Oyasdescribed 
in paragraph 4-30. While signai PHFS is true, a service 
cycle is requested by setting SCN. The TCL delay line is 
started when a function strobe sia-nal is received. 



.M/SCN 



N(NSCNMEN) 



DCL 



DCLSTART1 



CYCLE/C PHFS DCB 
N(NSCNMEN) 

NCDN DATAOUT SCR + 

CYCLE/C DCLSTART1 + 

PHFS FSU BSYCH + ... 



Phases FS, FSZ, and FSL are controlled by the same equa- 
tions described in paragraph 4-23. However, or the end 
of phase FSL, PHRSA is set and request strob" signal RSD 
is raised. 

R/PHFSL = ... 

S/PHRSA = PHRSASET FSCU 

FSCU = FSC IO p + ... 

PHRSASET = PHFSL NIN + ... 
USD 



RSET 



= FSC NRSAR (FSCU RSD 
+ PHRSA RSET + ...) 

= PHFSL NIN 



When the request strobe is acknowledged, the TCL delay 
line is started and IOP dara is stored in the I-register. 

DCL = CYCLE/C PHRSA RSAU + ... 

RSAU = IOP RSAR + ... 

IXD = PHRSADO TCSOOO-3 

PHRSADO = PHRSA DATAOUT 
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After a 100-ns delay, PHRSA is reset and PHRS is set. 

R/PHRSA = ... 

S/PHRS = FSCU PHRSET 

PHRSET = PHRSA + ... 

; Once PHRS is set, the TCL delay line cannot be started 
until RSAR is false and the J-register is empty (NJFI true). 
When these conditions are true, request strobe signal RSD 
is raised as the TCL delay line is started. 

DCL = CYCLE/C DCLSTART2 NRSAU 

+ . . . 

DCLSTART2 = PHRS WCHW NJFI + ... 



RSD 



FSC NRSAR (FSCU RSD 
+ PHRS TCS000-2 + ...) 



At the same time, the J-register is filled from the I-register 
(for operation with a one-byte interface). 

1 JXI1B = IOP BYT1 ID PHRSDOTCS000-2 

PHRS DO = PHRS DATAOUT 

Transfer from phase RS is to phase RSA or to phase TO, de- 
pending upon the end data signal ED. (See figure 4-8.) 

S/PHRSA = PHRSASEY FSCU 

PHRSASET = PHRSNFD + ... 

PHRSNED = PHRS NED 

S/PHTO = PHRS ED 

flBal ED comes true under con'ro! of flip-fiop EDISET3, 
c^Jescribed in paragraph 4-35. (The IOP may terminate 
the operation by causing signal ESET to be true. ) 



EDI 



= EDISET1 TCSOOO-2 + FSCU EDI 

+ 



EDISET1 = EDISET3 + ... 

Thus the flip-flops cycle between phase RSA and phase RS 
until an end data signal enables transfer to phase TO. After 
•ED is true, PHTO is set, as described in paragraph 4-25. 
If the IOP does not signal count done or IOP halt during 
phase TO, the (DATA, IN) flip-flops remain in state (1, 0) 
and the sequence of data out service cycles continues. If 
the IOPdoessignal countdone during phase TO, the (DATA, 
IN) flip-flops are placed in state (0, 1) to request an order 
5n service cycle. In either case, phase FS is entered from 
phase TO. 



R/PHTO = ... 

R/NPHFS = PHFSET 

PHFSET = PHTO + ... 

4-28 READ ORDER SEQUENCE . If a read order code is 
stored during the order out service cycle, the (DATA, IN) 
flip-flops are set in state (1, 1) to request a data inservice 
cycle, as described in paragraph 4-30. While signal PHFS 
is true, a service cycle is requested by setting SCN. The 
TCL delay line is started when a function strobe signal is 
received. 



M/SCN 



N(NSCNMEN) 



PHFS DCB N(NSCNMEN) 

NCDN READ KFID BYT4ID 
+ NCDN READ KFID NSCR 
+ NCDN READ KFID POST 
+ ... 



The initial service cycle is requested under control of the 
RK-counter through flip-flop SCR. When at least four data 
bytes are stored in the FAM module, flip-fiop SCR is reset 
and SCN is direct set when KFID is 1rue. Subsequent ser- 
vice cycles are requested as a true NSCR signal indicates 
that there are sufficient data bytes in the FAM module. A 
service cycle may be requested any time after postambie 
flip-flop POST is set. This condition can occur if da'a 
bytes re mo in in the FAM module after the postambie ^ de- 
tected. The data bytes are transferred even if fewer than 
four bytes remain. For a four-byte IOP interface (CYF4ID 
true), all service cycles are controlled by signal KFiD. 

Phases FS, FSZ, and FSL are controlled by the same equa- 
tions described in paragraph 4-23. However, at the end of 
phase FSL, PHRS is set? 

R/PHFSL = ... 



S/PHRS 



: SCU 



FSCU PHRSET 



FSC IOP + ... 



PHRSET = PHFSL IN + ... 

After PHSS is set, the TCL delay line is started. Ar the 
TCL delay line is started, the request strobe signal is raised 
and data is stored in the O-register. These operations can- 
not take place until the K-register is filled (KFID true). 

DCL = CYCLE/C DCLSTART2 NRS \\J +... 

DCLSTART2 = PHRS READ KFID + ... 
OXK = OXKEN TCSOOO-2 

OXKF.N = DATAIN PHRSNED 

RSD = FSC NRSAR (FSCU RSD 

+ PHRS TCSOOO-2 + ...) 
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After a !00-ns delay, PHRSA is set and PHRS Is reset. 

R/PHRS = ... 

S/PHRSA = PHRSASET FSCU 

PHRSASET = PHRSNED + ... 

PHRSNED = PHRS NED 

When the request strobe is acknowledged, the TCL delay 
line is started. 

DCL = CYCLE/C PHRSA RSAU + ... 

RSAU = RSAR + ... 
After a 100-ns delay, PHP.S is set and PHRSA is reset. 
R/PHRSA = ... 
S/PHRS = FSCU PHRSET 

PHRSF.T = PHRSA + ... 

The request strobe is raised as in the previous RS phase. 
When the K-register is fi! led, the TCL delay line is started 
and data is stored in the O -register as before. 

Transfer from phase RS is .0 phase RSA or to phase TO, de- 
pending on end data signci ED. (See figure 4-8.) 

S/PHRSA = PHRSASET FSCU 

PHRSASET = PHRSNED + ... 

PHRSNED = PHRS NED 

S/PHTO - PHRS ED 

Signal ED comes true under control of the RK--counter in 
the FAM circuits when signal KA8 indicates that the FAM 
module is empty. Signal ED is normally controlled by the 
IOP, and signal KA8 controls operation only if the IOP is 
offline or if the last data byte is transferred from the FAM 
module before the IOP generates an end data signal. 



EDI 



EDISET2 NPHRSA + FSCU EDI 

+ .. . 



EDISET2 = KA8 OX KEN 

Thus the flip-flops cycle between phase RSA and phase RS 
until an end data signal enables transfer to phase TO. For 
transfer from phase RS to phase TO, the TCL delay line is 
started when ED is true and before a request strobe ac- 
knowledge is received. 



DCL = CYCLE/C DCLSTART3 + ... 

DCLSTART3 = PHRS ED READ NRSAU + ... 

After ED is true, PHTO is set as described in paragraph 
4-25. 

If the IOP does not signal count done or IOP error halt dur- 
ing phase TO, the (DATA, IN) flip-flops remain in state 
(1, 1) and the sequence of data in service cycles continues. 
If the IOP does signal count done during phase TO, the 
(DATA, IN) flip-flops are placed in state (0, 1) to request 
an order in service cycle. In either case, phase FS is en- 
tered from phase TO. 

R/PHTO = ... 

R/NPHFS = PHFSET 

PHFSET = PHTO + ... 

4-29 ORDER IN SEQUENCE . An order in se. /ice cycle 
follows execution of a completed order (seek, sense, read, 
wri f e, or checkwrite) or an unusual end indicated by flip- 
flop UNE. In either case, the (DATA, IN) flip-flops are 
placed in the (0, 1 ) state as described in paragraph 4-30. 
Whila signal PHFS is true, a servic3 cycle is requested by 
seiting SCN. The TCL delay line is started when a function 
strobe signal is received. 



M/SCN 



= CYCLE/C PHFS D( 
N(NSCNMEN) 



N(NSCNMEN) = NDATA NRWE NWCHW 



DCL 



DCLSTART1 



= CYCLE/C DCLSTmR t 1 + . 
- PHFS FSU BSYCU + . . . 



Phases FS, FSZ, and FSL are controlled by the same equa- 
tions described in paragraph 4-23. However, at the end 
of phase FSL, PHRS is set. 

R/PHFSL 

S/PHRS = FSCU PHRSET 

FSCU = FSC IOP + ... 

PHRSET = PHFSL IN + ... 

The TCL delay line is started immediately, since the DATA 
flip-flop is in the reset state. 

DCL = CYCLE/C DCLSTART? + . . . 

DCLSTART3 = PHRS NDATA NRSAU + ... 



4-27 



^>n 



ragraph 4-30 



XDS 901565 



As the TCL delay line is started, request strobe signal RSD 
is raised and order data is stored in O-register bits 0, 1, 3, 
and 4, as described in paragraph 4-38. 

OXORDIN = PHRSNED ORDIN 

PHRSNED - PHRS NED 

RSD = FSC NRSAR (FSCU RSD 

+ PHRS TCSOOO-2 + ...) 

After a 100-ns delay, PHRS is reset and PHRSA is set. 

R/PHRS = ... 



S/PHRSA 



= PHRSASET FSCU 



PHRSASET = PHRSNED + ... 

^yhile PHRSA is set, signal ED comes true as described in 
tagraph 4-35. 



EDI 



= EDISET1 TCSOOO-2 
+ FSCU CDI + ... 



ED1SETI = NDATA + ... 

The TCL delay line is started when the request strobe is 
acknowledged. 

DCL = CYCLE/C PHRSA RSAU + ... 

RSAU = RSAR + ... 

After a 100-ns delay, PHRSA is reset and PHRS is set. 

R/PHRSA = ... 

S/PHRS - FSCU PHRSFT 



PHRSET = FSC lOP + ... 

The TCL delay line is started wh^n RSAR is false. As the 
R signal goes false, a signal ^5D ciocks FSC, and FSC 
Jeset if the IOF drives ESR true. 

DCL = CYCLE/C DCLSTART3 + ... 

DCLSTART3 = PHRS NDATA NRSAU + ... 



m. 



R/FSC 
C/FSC 



ESR FSC 
FSC RSD + 



If the IOP does not drive ESR true, the controller remains 
service-connected to request a terminal order. 

After a 100-ns delay, PHRS is reser and PHTO is set. 

R/PHRS = ... 

S/PHTO = PHRS ED 

Terminal order operations are described in paragraph 4-34. 
If the IOP has driven ESR true, DCB is reset 80 ns after 
TCL delay line is started. 



R/DCB = DCBRST 

DCBRST = DCBRST1 + ... 

DCBRST1 = DCBRSTEN ORDIN PHTO 

DCBRSTEN = ES + ... 

C/DCB = NTCS080 

The TCL delay line may be started in either of two ways in 
phase TO. 



DCL 



CYCLE/C DCLSTART1 

+ CYCLE/C DCLSTART2 NRSAU 

+ ... 



DCLSTART1 = PHTO RSAU + 



DCLSTART2 - PHTO ES + ... 



Therefore, if the IOP has generated an end service signal, 
the TCL delay line is started after phase TO is entered 
without waiting for acknowledgement of the request strobe 
raised ai the start of phase RS. Otherwise, the TCL delay 
line is not started until RSAR is true. After a 100-ns delay, 
the (DATA, IN) flip-flops are placed in a state correspond- 
ing to *he manner in which the order in service cycle is 
terminated. In either case, phase FS is entered from phase TO. 

R/PHTO = ... 

R/NPHFS = PHFSET 

PliFSET = PHTO + ... 

4-30 Service Cycle Identification Logi c 

The type of service cycle is identified by flip-flop 1 ; DATA 
and IN, and associated output signals, as follows: 



DATA 


IN 


Service Cycle 


Output Signal 








Order out 


ORDOUT 





1 


Order in 


ORDIN 


1 





Data out 


DATAOUT 


1 


1 


Data in 


DATAIN 



When an input/output sequence is completed, DATA and 
IN are direct reset after fi ip— flop DCB is reset. 

E/DATA = NDCB-1 

NDCB-1 = NDCB IOP + NDCB PET 
E/IN = NDCB-1 
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Therefore, DATA and IN are both in the reset state (order 
out) when an SIQ command Is accepted from the IOP. The 
flip-flops are clocked only during phase FS or phase TO. 

C/DATA = PHFSTOD TCS100-3 

PHFSTOD = PHFSDAT + PHTO 

PHFSDAT = PHFS DAT 



C/IN 



PHFSTOD TCS100-3 



When the (DATA, IN) flip-flops detect a PET count done 
signal (CDNPET), an online count done signal (CDN), or 
an unusual end signal (UNE), the flip-flops are placed in 
the (0, 1) state to request an order in service cycie. (Sig- 
nal NSKSBK is true when neither a seek order nor a sense 
order is being executed. ) 



S/DATA 



= DATASET NORDIN 



DATASET = NCDN NCDNPET NUNE NSKSBK 



SKSBK = SEEK BKWZ + SENSE BKWW 



R/DATA 
S/IN 



INSET 



INSET NORDIN 



= NDATASET + . 



R/IN 



During the execution of a.-, order, the (DATA, IN) flip- 
flops assume a sequence of slaves determined by the order 
in which they are stored during the order out service cycle. 

If a seek order is stored, signal DATASET is true until SKSBK 
indicates that all bytes have been transferred. Therefore 
the (DATA, IN) flip-flops are placed in the (1, 0) state 
during phase TO of the order out service cycle. 

After all bytes have been transferred, SKSBK is true and 
the (DATA, IN) flip-flops are placed in the (0, 1) state. 



R/DATA 



S/IN 



INSET 



= INSET NORDIN 



NDATASET + 



NDATASET = SEEK BKWZ + ... 

If a sense order is stored, CRD4 is false and DATASET is 
true until SKSBK indicates that all bytes have been trans- 
ferred. Therefore the (DATA, IN) flip-flops are placed in 
the (1, 1) state during phase TO of the order out service 
cycle. After all bytes have been transferred, SKSBK is 
true and ORD4 remains false, so that the (DATA, IN) flip- 
flops are placed in the (0, 1) state. 



S/DATA = DATASET NORDIN 

DATASET = NCDN NCDNPET NUNE NSKSBK 



SKSBK = SENSE BKWW + 



S/IN 



INSET 



= INSET NORDIN 
= NORD4 + ... 



If o write order or checkwrite order is stored during the 
order out service cycle, DATASET is true and ORD4 is true, 
so that the (DATA, IN) flip-flops are placed in the (1, 0) 
state to request a data out service cycle similar to a seek 
order. For errorless operation, DATASET remains true until 
phase TO of the service cycle is reached. If count done 
flip-flop CDN is set during phase TO, DATASET becomes 
false, and the (DATA, IN) flip-fiops are placed in the (0, 
1) state. 

If a read order is stored during the order out service cycle, 
DATASET is true and ORD4 is false, so that thi (DATA, IN) 
flip-flops are placed in the (I, 1) state to request a data 
in service cycle similar to the sense order. For errorless 
operation, DATASET remains true until phase TO is reached. 
If count done flip-flop CDN is set during phase TO, DATA- 
SET becomes false and the (DATA, IN) flip-flops are placed 
in the (0, 1) state. 

If an invalid order is detected, both DATA an-! IN are set. 



S/DATA 



DATASET 



- DATASET NORDIN 



NCDN NCDNPET NUNE NSKSBK 



S/IN 



INSET 



INSET NORDIN 



N(DATASET ORD4) 



A service call for a data in service cycle begins. However, 
unusual end flip-flop UNE is direct set during phase FS, 
and an unusual end takes place. (See paragroph 4-73. ) 

4-31 Order Register 

The order register consists of flip-flop ORD0, buffered 
larches ORD1 through ORD4, and associated logic elements. 
The order register stores an order code during ihe order out 
service cycle which occurs as the first step of en input/out- 
put sequence. The order code is retained during execution 
of the order and controls the following signals (also see 
table 4-2): 

SEEK 

SENSE 

READ 

WRITE 



CRD3 CRD4 
ORD2 NORD3 NORD4 
ORD3 NORD4 
NORD2 NORD3 ORD4 



( oz) 
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CHWR 



= ORD2 NORD3 ORD4 



(as-) 



SEKSEND = NPHRSAOO SEEK 

+ NPHRSAOO SENSE 

RCHW = NPHRSAOO READ 

+ NPHRSAOO CHWR 

1 WCHW = NPHRSAOO WRITE 

. + NPHRSAOO CHWR 

WRCH = NPHRSAOO WRITE 

+ NPHRSAOO RCHW 

For online operation (IOP true), the order code is stored 
during phase RSA of the order out service cycle. 

S/ORD0 = DA3R IOP 

R/ORD0 = ... 

C/ORD0 = ORDXIOP 

i ORDXIOP - IOP PHRSAOO TCS000-3 

PHRSAOO = PHRSA ORDOUT 

ORD1 = DA4R ORDXIOP + ... 

ORD2 = DA5R ORDXIOP + ... 

ORD3 = DA6R ORDXIOP + ... 

ORD4 = DA7R ORDXIOP + ... 

The order code bits are retained in buffered latches ORD1 
through ORD4 while ORDX0 is l,oe. 

ORDI = ORDI ORDX0 + ... 

ORD2 = ORD2 ORDX0 + .. . 

ORD3 = ORD3 ORDX0 + ... 

CRD4 = ORD4 ORDX0 + ... 

After an input/output operation is completed, flip-flop DCB 
is reset and the order register is cleared. (For command 
chaining, DCB is not reset. ) 

NORDX0 = PHFS NDCB + ... 

A new order code is stored as signal ORDX0 goes true during 
phase RSA of an order out service cycle, 

■I NORDX0 = PHRSAORD TCS00Q-1 + ... 

PHRSAORD = PHRSA NDATA 



The order code is retained during execution of orders while 
the DATA flip-flop is in the set state (data in or data out). 

4-32 Service Call Logic 

Signal SCD, which requests a service call from the IOP, is 
controlled by service call flip-flop SCN. (See figure 4-9. ) 
Service call signal SCD is raised to the true level when SCN 
is set and remains at the true level until SCN is reset. 

SCD = LSL 

LSL = NASCR INC SCN 

+ ASCR INI LSL NRSTR SCN 

Service call flip-flop SCN is direct reset when the controller 
is not busy and can be placed in the set state only by the 
direct ser input. The direct set input can be true cnly dur- 
ing phase FS after DCB has been set by an SIO command. 



E/SCN 
M/SCN 



= NDCB 



= CYCLE/C SCNMEN 



SCNMEN = PHFS DCB N(NSCNMEN) 

After SCN has been set, it may be retained in the set state 
for certain conditions if the controller is operating in the 
extended peiformance mode (EXT true) and is executing a 
read order, write order, or checkwrite order. Signal 
SCNEN is true when additional service calis are required 
to maintain the data transfer rate during extended perfor- 
mance operation and prevents reset of SCN during phase 
FSL. 

S/SCN = SCNEN 

■TCNEN = SCN DATA EXT SC5ET 

SCSET = READ NRK1 + WCHW RK1SCR 

,<K1SCR = RK1 SCR 

C/SCN = TCS 100-3 

If SCN is set during phase FS, SCN is reset during phase 
FSL. 



R/SCN 



= SCNRST 



SCNRST = PHFSL + ... 

C/SCN = TCS 1 00-3 

Preventing reset of SCN allows the F AM module to be filled 
during write or checkwrite operations and to be emptied 
during read operations without requiring the controller to 
wait for priority on the data lines from the IOP. 
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Figure 4-9. Service Call Flip-Fiop SCN, Logic Diagram 
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After a service call involving data transfer is processed, 
additional service calls will be necessary unless all bytes 
required by the order have been transferred. However, if 
no additional service calls are necessary and SCN has been 
prevented from resetting on the previous service call, an 
additional service call will be requested unless SCN is reset 
in phase FS. (This condition can occur only for read orders, 
write orders, or checkwrite orders when the controller is 
operating in the extended performance mode. ) If all bytes 
have not been transferred, SCN will be held in the set state 
after phase FS is entered; if ail bytes have been transferred, 
SCN will be reset after phase FSL is entered. 

M/SCN = CYCLE/C DCB PHFS N(NSCNMEN) 



R/SCN 



= SCNRST 



SCNRST = PHFS NSCNMEN + 



C/SCN 



= TCS100-3 + 



The conditions that generate a true N(NSCNMEN) signal 
are: 



N(NSCNMEN) 



UNE (Unusual End) 

+ NDATA NRVVE CDN NJFI 

NKFID REMPTY 

+ NDATA NRWE NWCHW 

+ NCDN DATAOUT SCR 

+ NCDN SEN NTSE 

+ NCDN READ KFID BYT4ID 

+ NCDN READ KFID POST 

+ NCDN READ KFID NSCR 

+ NCDN CDNPET 



4-33 Byte Counter 



• 



The byte counter is used during execution of seek orders 
d sense orders and during execution of read orders, write 
'deis, or checkwrite orders for a multiple-byte IOP inter- 
face. For a sense order, the byte counter controls the trans- 
fer of data bytes info the K -register and O -register and 
raises the end data signal. For a seek order, the byte 
counter controls the transfer of data bytes from the J- 
register to the T-register and raises the end data signal. 
For read orders on a multipie-byte interface, the byte 
counter controls the transfer of data from the FAM module 
to the K -register or I-register. For write orders or check- 
write orders on a multiple -byte interface, the byte counter 
controls the transfer of data from the extended I-register 
to the lower order byte of the !-register. 

The byte counter consists of flip-flops BKO and BK1 and 
associated logic elements. Each byte of a service cycle 
is identified by stales of the byte counter as follows: 



BKO 


1 
1 



BK1 

1 

1 



Output Signal 
BKVVW 
BKWZ 
BKZW 
BKZZ 



When an I/O sequence is completed, BKO and BK1 are 
direct reset after device controller busy flip-flop DCB is 
reset. 

E/BKO = NDCB-1 

NDCB-1 = NDCB IOP + NDCB PET-1 

E/BK1 = NDCB-1 

Therefore, the byte counter (BKO, BK1) is in the (0, 0) 
state (BKWW true) when an SIO command is accepted from 
the IOP. 

The byte counter is direct set to state (1, 1) when signal 
BKX1 is true. Signal BKX1 is true during phase RSA of en 
order out service cycle, when the J -register is fi Wed during 
execution of a write order or checkwrite order and when 
the O-register is cleared during execution of a read ~rder. 

M/BKO = BKX1 

BKX1 = PHRSAOO + NBKX1EN 

PHRSAOO = PHRSA ORDOIJT (Phase RSA of 
order our service cycle) 

NBKX1EN - WCHW JFIX1 (J-register Hlled in 
write or checkwrite) 
+ READ KXOEM 1 

| O-register 
= OXKEN TCS100-3 J-cter-redin 



KXOEN 
OXKEN 
M/BK1 



PHRS DATAIN NED 
BKX1 



The byte counter is clocked on the falling edge of iignal 
BKCK (which is equivalent to the rising edge of signal 
NBKCK). 

S/BKO = NBKO 
R/BKO = ... 
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C/BKO 


= NBK1 


S/BKl 


= NBK1 


R/BK1 


= ... 


C/BK1 


= BKCK 



As the byte counter (BKO, BKl) is clocked, it passes from 
state (1, 1) to state (1, 0), then state (0, 1), then state 
(0, 0) unless cleared or direct set. 

When a seek order or sense order is to be executed, the 
byte counter is initially pieced in state (1, 1) during phase 
RSA of the order out service cycle, then is counted down 
to control transfer of data. 

NBKCK = PHRSA SEKSEND TCSOOO-3 + ... 

When a read order is to be executed, the byte counter is 
used only if the controller is using a two- or four-byte in- 
terface (NBYT1ID). 



NBKCK 



BKCKEN 



BKCKEN TRS270 + ... 

NBYT1ID (READRR RREAD-1 
+ BKCKEN NTRS030 + ...) 



READRR = READ RREAD-2 

When a write order or a checkwrite order is executed, the 
byte counter is used only if the controller is operating with 
a two- or four -byte interface (NBYTHD). 



NBKCK 



BKCKEN TRS270 



BKCKEN = NBYTHD (WCHW RWRITE-1 
+ GKCKEN NTRS030 + ...) 

4-34 Terminal Order Operations 

Terminal order phase TO is the last phase of any service 
cycle. During phase TO, flip-flop p HTO is in the set state 
and terminal order data may be received from the IOP. 
Terminal order data is accepted only if all data associated 
with the service cycle has been transferred (ED true), and 
if the IOP does not signal end of service (ES false). Under 
these conditions, terminal order data may be received on 
lines DAOR through DA3R, as follows: 



Function 



IQP Signal 


Flip-Flop 


DAOR 


CIL ^ 


DA1R 


CDN 


DA2R 


(none) 


DA3R 


UNE' 



Request interrupt 

Indicate count done at end of 
I/O operation 

Command chaining 

Unusual end condition origi- 
nating in IOP 



The command chaining signal, which is sampled only at the 
end of an order in service cycle, is valid only if no unusual 
end condition exists. The command chaining signal is equiv- 
alent to: 

CCH = IOP DA2R NDA3R 

If the IOP orders command chaining, DCB is not reset at 
the end of an order in service cycle; if command chaining 
is not requested, DCB is reset. 

R/DCB = DCBRST 

DCBRST = DCBRST] + ... 

DCBRST1 = DCBRSTEN ORDIN PHTO 

DCBRSTEN - N(CCH NES NUNE) 

C/DCB = NTCSC80 

Flip-flops CIL, CDN, and UNE are controlled by signal 
TORD, which is true only when terminal order data is to be 
accepted. 

fORD = IOP NES ED PHTO 

If the IOP commands an interrupt, signal DAOR is true and 
CIL is set. 

S/CIL = DAOR TORD 

C/CIL = NTCS300 

After CIL is set, an interrupt call is generated. 

ICD = LIL 

LIL = NAIOR CIL INC + ... 

When the IOP responds to the interrupt call, CIL is resel. 

R/CIL = CILRST 

CILRST = AIOC + ... 

C/CIL = NTCS000 

Ai'er all data of the I/O operation have been transferred, 
the IOP causes signal DA1R to be true and sets CDN. 

S/CDN = DA1R TORD 
C/CDN = NTCS000 

After CDN is set, an order in service cycle is requested. 
Flip-flop CDN is not reset until an order out service cycle 
takes place at the start of a new I/O sequence. 



4-33 



^agraph4-35 XDS 901565 

R/CDN = ORDOUT 

C/CDN = NTCS000 

If the IOP indicates an unusual end, signal DA3R is true 
and flip-flop UNE is set. 

S/UNE = DA3R TORD 

C/UNE = NTCS000 

Flip-flop UNE can be set by conditions existing in the con- 
troller, as indicated in paragraph 4-72. Once set, UNE 
can be reset only by a manual reset signal or by a new SIO 
or HIO command. 



E/UNE 


= MANRST 


R/UNE 


= RESET 


RESET 


= DVSEL HICU PHFSL + DCBSET 
+ ... 



t DCBSET = OPER SICPOSS PHFSL 

Exit from phase TO takes place 180 ns after the TCL delay 
line is started. If the IOP signals end cf service, /ES/ is 
true during phase RSA and the TCL delay line Is sturted 
immediately after entering phase TO. 



DCL 



= CYCLE/C DCLSIART2 NRSAU 
+ 



DCLSTART2 = PHTO ES + ... 

If the IOP does not signal end of service, the TCL delay 
line is not started until a request strobe acknowledge has 
been received. 

DCL = CYCLE/C DCLSTART1 + ... 

DCLSTART1 = PHTO RSAU + ... 

Transfer to phase TO cannot occur until end of data has 
been reached. 

S/PHTO = PHRS ED 

Therefore, signal TORD is true during phase TO if /ES/ 
was not true during phase RSA. Signal TORD allows the 
controller to store terminal order data in flip-flops CIL, 
CDN, or UNE. 

4-35 End Data and End Service Logic 

The end data and end service logic (figure 4-10) controls 
"' changesof stateof the phase flip-flops. A true end service sig- 
nal ESRcan originate only in the IOP; a true end daia signal 



EDR can originate in either the IOP or the controller. A 
true ESR signal is required to reset service connect flip-flop 
FSC and to disconnect the controller from the IOP. A true 
ED signal is required to enable an exit from phase RS and 
entry into phase TO. 

The IOP generates a true /ES/signal to end service. If 
signal ESR is true during phase RSA, signal ES comes true 
and is latched. 

ES = ESET TCSOOO-2 + FSCU ES 

ESET = IOP PHRSA ESR 

Signal ES generates a true ED signal after exit from phase 
RSA. 



ED 



NPHRSA ES + FSCU ED + ... 



Therefore, an /ES/ signal from the IOP terminates a service 
cycle and disconnects the controller. 

The controller generates a true ED signal for all situations 
in which a true /ED/ signal is required from the IOP. A 
true ED signal is generated from EDD through EDR andEDU. 

ED = EDSET TCSOOO-2 + FSCU ED + ... 

EDSET = PHRSA EDU 

EDU = EDR IOP + ... 

EDR = EDD + /ED/ 

EDD = EDI FSC 

Therefore,- a true ED signal may be generated from the IOP 
through /ED/ or internally through EDD. Signal ED comes 
true durii.g the last phase RSA of a service cycle end causes 
an end to the service cycle during the following RS phase. 

For an o:der in service cycle or an order out service cycle, 
signal EDI is driven true by the DATA flip-flcp. 



EDI 



= EDISET1 NPHRSA + FSCU EDI 
+ ... 



EDISET1 = NDATA + ... 

For a seek order, signal EDI is driven true when signal 
BKZW from the byte counter is true. 

EDI = EDISET1 NPHRSA + FSCU EDI 

+ ... 

EDISET1 = SEEK BKZW + ... 

For a sense order, signal EDI is driven true when signal 
BKWZ from the byte counter is true. 
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PHRSADO 2i 



CYCLE/C — ^ 




Figure 4-10. End Data and End 
Service Logic, Logic Diagram 
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EDI = ED1SET1 NPHRSA + FSCU EDI 

+ . . . 

EDISET1 = SENSE BKWZ + ... 

For a read order, signal EDI is driven true when the FAM 
module is empty (KA8 true) and the last byte is being trans- 
ferred to the O-register. 

EDI = EDISET2 TCS000-2 + FSCU ED 

+ ... 

EDISET2 = KA8 OXKEN + ... 

OXKEN = DATAIN PHRS NED 

Signal KA8 can be trre on!/ after SCR has been set and the 
FAM module is empty. (See paragraph 4-42. ) As the last 
data byte is read from the FAM module, a true KFISET sig- 
nal allows KFI to latch true. If signal REMPTY is true, 
signal KA8 is true. 

KA8 = N(NKA8) SCR 

N(NKA8) = KA8 KFID + KFIDX1 REMPTY 

KF!D = KXO (KFID + KFIDX1) 

KFIDX1 - KFI TRS270 

KFI = KXO (KFIX1 + KFI NPHRSAOO) 

KFIX1 = KFISET RREAD-2 TRS130 

For a write order or a checkwrite order, signal EDI isdriven 
true when fiip-flop EDISEV3 is set. 



EDI 



= EDISETi NPHRSA + FSCU EDI 
+ ... 



EDISETI = EDISET3 + ... 

If the controller is operating with a four-byte interface, 
all four data bytes are transferred at once so that data 
input ends inone data out service cycle. Therefore, EDISET3 
is direct set for operation with a four-byte interface. 

M/EDISET3 = BYT4ID 

For a one- or a two-byte interface, flip-flop EDISET3 is 
set after all four data bytes have been accepted. For a one- 
byte interface, EDISET3 is set when byte 15 is received, and 
/ED/ is driven true when byte 16 is requested. Refer to 
paragraph 4-42 for operation of the RK-counter. 



S/EDISET3 



NEDIS3 NSCR 



NEDIS3 = PHRSADO NRK3 + . 
C/EDISET3 = TCS100-3 



For a two-byte interface, EDISET3 is set when bytes 13 and 
14 are received, and /ED/ is driven true when bytes 15 and 
16 are requested. 

S/EDISET3 = NEDIS3 NSCR 

NEDIS3 = PHRSADO NBYT1ID + ... 

C/EDISET3 = TCS100-3 

Flip-flop EDISET3 is direct reset v/hen the controller is not 
busy. 

E/EDISET3 = NDCB1 

4-36 INPUT/OUTPUT DATA BUFFER 

The registers of the input/output data buffer store data ac- 
cepted from the IOP for transfer to the FAM module and 
store data accepted from the FAM module for transfer to 
the IOP. 

4-37 I-Register 

The I-register consists of buffered letches 100 Through 131 
and associated logic elements. During execution of a write 
order or checkwrite order, data bytes areaccepted from the 
IOP and are transferred from the higher order byte of the 
I-register (100 through 107) to the J -register. If the con- 
troller is operating with a two- or four-byte interface, data 
must be transferred from iower order bytes of the I-register 
to the higher order byte for transfer to the J -register. Dur- 
ing execution of a read order, the lower order bytes of the 
l-register are used if the controller is operating with a two- 
or fcur-byte interface. In these cases, the I -register accepts 
dcto from the FAM module for transfer to the O- . egister. 
Duiing execution of a seek order, two consecutive data 
bytes are transferred from the IOP to the I-reg.'ster, then 
from the I-register to the J-register. 

During phase RSA of a data out service cycle (write order, 
checkwrite order, or seek order), IOP data is st-.^ed in the 
I-register. For a write order or checkwrite order, the data 
path may be 8 bits, 16 bits, or 32 bits wide. 



100 



101 



= DA0R IXD-1 + ... 
IXD = (IXD-1 through IXD-4) 

IXD = PHRSADO TCS000-3 

PHRSADO = PHRSA DATAOUT 

= DA1R IXD-1 + ... 



►Byte 1 



107 



= DA7R IXD-1 + 
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108 = DBOR IXD-2 + 



115 
116 

123 
124 



DB7R IXD-2 + 
DCOR IXD-3 + 

DC7R IXD-3 + 
DDOR IX D -4 + 



Byte 2 



Byte 3 



131 = DD7R IXD-4 + ... 



Byte 4 



For a controller operating with n two- or four-byte inter- 
face, data bytes nccepted from the IOP are transferred to 
the higher order byte under control cf the byte counter 
'-(BKO, BK1). Refer to paragraph 4-33 for a description of 
the byte counter. 

Transfer from (108 through 115) to (100 through 107) takes 
place after the first data transfer from (100 through 107) to 
the J -register. 



100 



IXI-1 

RWRITEDO 
IX EN 



101 



107 



108 IXi-1 + ... 
RWRITFDO IXEN BKZZ 
RWRIlE-2 DATAOUT 
NBYT1ID NTRL240 TRL180 

109 IXl-i + ... 



= 115 IXI-1 + .. 



► Byte 
2 



Signals TRL240, TRL180, and RWR T TE-2 are generated by 
the TRL delay line. Signal BKZZ is generated by the byte 
counter. 

Data transfer from (116 through 123) and (124 through 131) 
to (100 through 107) take place under the control of the byte 
counter. 

100 = 116 IXI-2 + ... 
IXI-2 = RWRITEDO IXEN BKZW 

101 = 117 IXI-2 + ... 



107 



123 IXI-2 + ... 



► Byte 3 



100 = 124 IXI-3 + ... 

1X1-3 = RWRITEDO IXEN BKWZ 

101 = 124 IXI-3 + ... 



107 



131 IXI-3 + 



Byte 4 



During execution of a read order for a controller using a 
two- or a four-byte interface, data bytes are transferred 
from the FAM moduie (R00 through R07) to the I -register. 

108 = IXR-1 R00 + ... 

1XR-1 = READRR BKZW IXEN 

IXEN = NBYT1ID NTRL240 TRL180 

READRR - READ RREAD-2 . Ll L 

► Byte 2 

109 = IXR-1 R01 + ... 



!15 



IXR-1 R'07 + .. 



Signals ! "RL240, TRL180, and RREAD-2 are controlled by 
the TRL jelay line. Signal BKZW is controlled by the byte 
counter. (This transfer fakes place at the same tine that 
data tronsfers are made between bytes of the I-register. ) 



P. 6 



= R00 IXR-2 + ... 



iXR-2 = READRR IXEN BKWZ + ... 
117 = R01 IXR-2 + ... 



►By^ 3 



123 
124 

125 
131 



IXR-3 



R07 IXR-2 + ... 

R00 IXR-3 + ... 

READRR IXEN BKVVW+. 

R01 IXR-3 + ... >Byte 4 



= R07 IXR-3 + ... 



Signals 1X0-1 through 1X0-4 are used to clear the I-register 
before daia is stored and to retain data stored in the I- 
register. Data is cleared when the signal is false and is 
retained while the signal is true. 
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100 

107 
NIX0-1 



= 100 1X0-1 + . . . 



= 107 1X0-1 + ... 



RWRITEDO TRS130 NTRS180 
+ PHRSAOUT TCSOO0-1 



108 

115 
116 

123 
124 



PHRSAOUT = PHRSA NIN 

= 108 1X0-2 + . . . ^ 

= 115 1X0-3 + ... 

= 116 1X0-3 + ... 

= 123 1X0-3 + . . . 

= 124 1X0-4 + . . . 



Byte 
1 



Byte 2 



Byte 3 



131 = i31 1X0-4 + 

(1X0-2 - 1X0-4) = 1X0 
N1X0 

PHRSAOUT = PHRSA NIN 



" Byte 4 



= tHRSAOUT TCS000-1 + KX0EN 

'Clear after data 
transfer from IOP 



OXKEN 



4-38 O -Register 



KX0EN = OXKEN TCS1 00-3 f Clear after 

| data transfer 



DATAIN PHRS NED Ito IOP 



The O-register, which consists of buffered latches O00 
through 031 and associated 'ogic elements, stores data for 
transfer to the IOP. During phase RS of a data in service 
cycle, the contents of the K -register are transferred to bits 
through 7 of the O-register, and the contents of the I- 
register bits 8 through 31 are transferred to bits 8 through 31 
of the O-regisfer. (If the controller is operating with a 
one-byte interface, only the K -register contains data; if 
the controller is operating with a two-byte interface, only 
the K-register and bits 8 through 15 of the I-register con- 
tain data. For a four-byte interface, all signals contain 
data.) Since a data in service cycle is part of a read order 
and a sense order, the O-register is loaded from the re- 
register or I-register for execution of these orders. 



(OXK-1 -OXK-4) = OXK 
O00 



OXK 



OXKEN 



O01 

O07 
O08 

031 



= K00 OXK 
+ ... 

= OXKEN 
TCS000-2 

= DATAIN 
PHRS NED 

= K01 OXK + 



Store contents 
of K-register 

►in (000-007) 
(Read order or 
sense order) 

! 



K07 OXK 



♦•J 



= 108 OXK + 



= 131 OXK + 



J 



Store contents 
of (108-131) 
>in (O08-O3I) 
(Reed order 
only) 



Signal OX0 is used to clear the O-register before storage 
of new data and to retain the stored data. The O-register 
is cleared when signal OX0 is false and retains data while 
signal OX0 is true. Signal OX0 is equivalent to request 
strobe signal RSD. 

(OX0-1 -OX0-4) = OX0 

000 = O00 OX0 + ... 
OX0 = RSD 

001 = O01 OX0 + ... 



03I 



= 031 OX0 + ... 



During execution of orders, signal RSD becomes true when 
a strobe is requested from the IOP and is latched until the 
request strobe is acknowledged. 



RSD 



FSC NRSAR (PHRS TCS000-2 
+ RSET NPHRSA + FSCU RSD) 



FSCU = FSC IOP + 



RSET = PHFSL NIN 



After RSD is true, data is stored in the O-register. After the 
dataisread by the IOP, RSAR becomes true and RSD is false. 
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During execution of a sense order, the track protect bit 
from the selection unit (TRPR) and bits through 6 of the 
track address are stored in the O -register while the byte 
counter indicates byte zero (BKZZ). 



O00 



OXSENSE1 TRPR + 



OXSENSE1 = SENSE OXKEN BKZZ 



O01 



O07 



= OXSENSE1 TOO + ... 



= OXSENSE1 T06 + ... 



(Additional bytes of the sense order are transferred to the 
O-register from the K-register. ) 

Wing phase RS of an order in service cycle, four bits of 
control information are sent to the IOP from the O-register. 



order or checkwrite order, the J-register accepts data from 
the I-register for transfer to the FAM module. During exe- 
cution of a read order, the J-register accepts data from the 
D-register for transfer to the FAM module. During execution 
of a seek order, the J-register accepts two bytes of data 
from the I-register to the T-register and S-register. 

During execution of a write order or checkwrite order, data 
from the higher order byte of the I-register (100 through 107) 
is transferred to the J-register. If the controller is opera- 
ting with an 8-bit interface (BYT1ID), the transfer takes 
place during phase RS under control of the TCL delay line. 



J00 



JXI1B 



100 JX11B + ... 

IOP BYT1ID PHRSDO TCS000-2 



J01 



PHRSDO = PHRS DATAOUT 



= 101 JXI1B + 



O00 



OXORD1N TER (Control error, 
+ ... parity error, or 

rate error) 



TER = CER + PER + RER 

OXORDIN = ORDIN PHRSNED 
PHRSNED = PHRS N£D 



O01 

O03 
O04 



= OXORDIN 1NL (Incorrect length) 
+ ... 

= OXORDIN + ...(Alwa>itrue) 

= OXORD T N UNE (Unusual end) 
+ . .. 



?n the controller responds to c:; AIO signal, three bits 
information are sent to the IOP from the O-register. 



O00 



= OXAIOST RER (Rate error) 
+ ... 



J07 



- 107 JXI1B + .. 



If the ror.troller is operating with a 16- or 32-bit 
interface (NBYT1ID), transfer of data from the I-register 
to the J-register must allow time for transfer from higher to 
lower o.der bytes of the I-register (refer to paragraph 4-37 
for a description of the I-register). Therefore, for 1A- or 
32-bit interface operations, the transfer ii controlled by 
the TRL delay line. 

J0C = 100 JXIN1B + ... 

JXIN1B = IOP NBYT1ID DATAOUT 
RWRITE-2 TRS060 

JOi = J01 JXIN1B + ... 



OXAIOST = AIOC FSU 



O02 



O03 



= OXAIOST SUN (Sector unavailable) 
+■ . . . 

= OXAIOST VVPV (Write protect 
+ ... violation) 



The conditions which control flip-flops TER, INL, UNE, 
RER, SUN, and WPV are described in paragraph 4-72. 

■t. ^"39 J -Register 

The J-register consists of buffered latches J00 through J07 
d associated logic elements. During execution of a write 



n 



J07 



= 107 JXIN1B + 



During execution of a read order, data bytes are transferred 
from the D-register to the J-register. This transfer takes 
place af*er the preamble has been detected (NPRE) under 
control of the TDL delay line (TDT2). 



JOO 



= D00 JXD + 



JXD = READ NPRE TDT2 
J01 = D01 JXD + ... 



J07 



D07 JXD + ... 
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If the controller is operating offline, the J -register accepts 
PET -generated signals under control of the TRL delay line. 

J00 = DP0O JXDP + . . . 

JXDP - PET-1 RWR1TE-2 TRS060 DATAOUT 

J01 = DP01 JXDP + ... 



J07 



DP07 JXDP + 



Signal JXO is used to clear the J -register before storage of 
new data and to retain the stored cia'ta. The J -register is 
cleared when signal JXO is false and retains the stored data 
while signal JXO is true. 

J00 - J00 JXO + . . . 



J07 = J07 JXO + ... 

During execution of a read order, the J -register is cleared 
just before data is stored. 

NJXO = READ TDT1 + . . . 

During execution of a write o r der or a checkwrite order, 
the J-register is cleared by a signal related to the signal 
which causes data transfer. For a one-byte interface the 
J-register is always cleared during phase RS of a data ou f 
service cycle. 

NJXO = PHRSDO TC3000-1 + ... 

For a two- or four-byte interface, the J-register is cleared 
during each FAM write cycle. 

NJXO = RWRITE-2 TRS270 NTRS000 NBYT1ID +... 

4-40 FAST ACCESS MEMORY (FAM) CIRCUITS 

FAM circuits consist of the TRL delay line, the RK~counter, 
the J-poinier register (jP-register), the K-pointer register 
(KP-register), one FT25 Fast Access Memory module (FT25 
FAM module), and interconnecting logic elements. (See 
figure 4-1 1. ) 

FAM circuits are used only during execution of a read order, 
a write order, or a checkwrite order. During execution of 
a write order or a checkwrite order, data bytes pass from 
the IOP through the I -register, the J-register, the FAM 
module, the K-register, and the D-register to the selection 
unit. (See figure 3-6. ) During execution of a read order, 
data bytes pass from the selection unit through the D-register, 
the J-register, the FAM module, the K-register, and the 



O-register, to the IOP. For a two- or four-byte interface 
width between the controller and the IOP, data bytes pass 
from the FAM module to the K-register and the I-register, 
then through the O-register to the IOP. (See figure 3-7. ) 
Thus, data bytes pass from the J-register to the FAM module, 
and from the FAM module to the K-register (or the I-register) 
regardless of the direction of data flow between the IOP and 
a selection unit. 

The TRL delay line is started each time a data byte is to be 
written into the FAM module (FAM write cycle) or read from 
the FAM module (FAM read cycle). The RK-counter keeps 
track of the number of active bytes in the FAM module 
(bytes written into, but not yet read from, the FAM module). 
The L -register addresses a location in the FAM module into 
which o byte is written, or from which a byte >s read, and 
generates outputs that indicate the next FAM module loca- 
tion addressed. During a FAM write cycle, the JP-register 
accepts from the L -register the address of the next FAM 
module location into which a byte is written. During a FAM 
read cycle, the KP-register accepts from the L-register the 
address of ihe next FAM module location from which a byte 
is reed. 

The FAM module (figure 4-12) contains 16 addressable eight- 
bit registers. The four-bit address determines which of the 
16 registers is available for input or output. A date byte is 
stored in the addressed register a;- the input clock signal 
goeo false. Data may be read from the addressed location 
at atvy lime. 

4-4) TRL Delay Line 

The TRL delay line (figure 4-13), which consists of a 300-ns 
delay line and associated gates, controls data transfer into 
anc cut of the FAM module, increment and decrement of 
the k.'C-counter, and transfer of addresses from rhe L-regisfer 
to the KP-register or the JP-register. During the execution 
of a «, *ek order, the TRL delay line controls storage of data 
into t.ne T-register and the S-register. 

Wh!!r> device controller busy flip-flop DCB is in the .eset 
staie, CYCLER is true and remains latched after DCB is set 
by an accepted SIO command. 

CYCLER = NTRS030 (NDCB + CYCLER + ...) 

When SREAD (or SWRITE) comes true during execution of an 
order, the TRL delay line is started. After a 30-ns delay, 
a true TRS030 signal inhibits the inputs, the signal CYCLER 
goes false, and the SREAD (or SWRITE) signal does not con- 
trol the delay line. After a 130-ns delay, a tme TRS130 
signal inhibits the SREAD (or SWRITE) signal. 

SREAD = NTRS130 NREMPTY (DCB SREAD + ...) 

SWRITE = NTRS130 RKO (DCB SWRITE + ...) 

Because the CYCLER signal is an input to starting gates for 
SREAD and SWRITE, the SREAD ond SWRITE signal cannot 
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Figure 4-11. FAM Circuits, Simplified Logic Diagram 
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Figure 4-12. FAM Module, Block Diagram 



start a new TRL delay line cycle until the previous cycle 
is complete. 

SWRITE - NTRS130 RKO (CYCLER JFI NTRS000 
+ ...) 

SREAD - NTRS130 NREMPTY (CYCLER NTRS0O0 
NKFI SREADEN 
+ CYCLfcK NTRS000 NFKI READ + ...) 

Af*er a 300-ns delay, CYCLER becomes true and is latched, 
allowing the SREAD (or SWRITE) signal to start the delay 
line if required. 

CYCLER = NTRS03C (TRS300 + CYCLER + ...) 

The SWRITE signai cannot be true unless the J-register- 
filled signal JFI is true. Signal JFI is true after data has 



been sto'ed in the J -register. When the FAM nodule is 
full, flip-flop RKO is set end the SWRITE signal is inhibited, 
preventing any additional FAM write cycles. The SREAP 
signal cannot be true unless the K -register-filled signal 
KFI is false. Signal KFI is true after data has been stored 
in trie K-register and is not false untii the data has been 
transferred from the K-register during execution of an order. 
When the RK-counter indicates that all active byies have 
be ;n read from the FAM module, a true REMPTY signal in- 
hibits the SREAD signal, preventing any additional FAM 
read cycles. 

During execution of a read order, write order, or check- 
write order, FAM write cycles and FAM read cycles may 
occur in any sequence, under control of signals KFI and 
JFI. When signal JFI is true andsignal KFI is false, signal 
SWRITE and signal SREAD are both true. When CYCLER 
comes true at the end of a FAM write cycle or FAM read 
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Figure 4-13. TRL Delay Line, Logic and Timing Diagram 
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Paragraph 4-42 



cycle, the TRL delay line is started by both signals. How- 
ever, either a FAM write cycle or a FAM read cycle can 
occur, but not both. Priority is established by signals 
which detect the type of order being executed. If a write 
order or checkwrite order is being executed, signal WCHW 
is true and data transfers from the FAM module to the K- 
register have priority; therefore, a FAM read cycle must 
take precedence over a FAM write cycle. If a read order 
is being executed, signal READ is true and data transfers 
from the J-register to the FAM module have priority; there- 
fore, a FAM write cycle must take precedence over a FAM 
read cycle. 

The following signals control operations during a FAM 
write cycle. 

RWRITE-1 = N(SREAD WCHW) (S WRITE TRS030 
+ RWRITE-1 NTRS000) NTRSI30 

RWRITE-2 = N (SREAD WCHW) (SWRITE TRS030 
+ R WRITE -2 NTRS00O) 

RWRITE-N4 - RWRITE-2 NRK4 

The fol (owing signals control operations during a FAM read 
cycle. 

RREAD-1 - N(READ SWRITE) (SREAD TRS030 
+ RREAD-1 NTRSO0O) NTRS130 

RREAD-2 = N(READ SWRITE) (SREAD TRS030 
+ RREAD-2 NTRS000) 

RREAD-4 = RREAD-2 RK4 

If both SWRITE and SREAD ere true, only one of these two 
sefs of signals are valid. If signal WCHW is true, c 
FAM read cycle occurs because the factor N (SREAD WCHW) 
is false. If signal READ is true, a FAM write cycle occurs 
because the factor N(READ SWRITE) is false. 

4-42 RK-Counter 

During execution of a read order, Write order, or check- 
write order, a data byte is transferred from the J -register 
into an addressed location in the FAM module during a. 
FAM write cycle, or read from the FAM module into the 
K-register (or the I -register ) during a FAM read cycie. 
The RK-counter, which consists of flip-flops RKO through 
RK4 and associated logic elements, keeps track of the num- 
ber of active bytes in the FAM module. 

During phase RSA of an order out service cycle, RKO 
through RK3 are set and RK4 is direct set. Clocking takes 
place at the rising edge of TCL delay line signal TCS000-3. 



M/RK4 



PHRSAOO 



PHRSAOO = PHRSA ORDOUT 



(S/RK0-S/RK3) =' ORDOUT 

(C/RK0-C/RK3) = RKCK 

RKCK = N(PHRSAOO TCSOOO-3 + ...) 

For service cycles other than order out, clocking for all 
flip-flops takes place at the rising edge of TRL delay line 
signal T RSI 30. 

(C/RK0-C/RK4) = RKCK 

RKCK = N(TRS130 + ...) 

Flip-flops RKOthrough R K3 form ar. up/down counter clocked 
by signal RKCK and controlled by flip-flop RK4. Flip-flop 
RK4 changes state at each clock and controls all read count 
gaies through signal RREAD-4 and controls all write count 
gates through signal RWRITE-N4. 

S/RK4 = NRK4 

R/RK4 = ... 

RREAD-4 = RREAD-2 RK4 

RWRITE-N4 = RWRITE-2 NRK4 

Therefore, read count gates are enabled during a FAM read 
cycle, and write count gates are enabled du.ir.g a FAM 
w: ire cycle. 

If signal RREAD-4 is true when the flip-flops are clocked, 
the flip-flops count ^p, as indicated in tablt'4-3. 

S/RKO = RREAD-4 NRKO RK1 RK2 RK3 + ... 

R/RKO = RREAD-4 RKi RK2 RK3 + ... 

S/RK1 = RREAD-4 NRK1 RK2 RK3 + ... 

R/RK1 = RREAD-4 RK2 RK3 + . . . 

S/RK2 = RREAD-4 NRK2 RK3 + ... 

R/RK2 = RREAD-4 RK3 + ... 

S/RK3 = RREAD-4 NRK3 + ... 

R/RK3 '= RREAD-4 + .... 

If signal RWRITE-N4 is true when the flip-flops are clocked, 
the flip-flops count down, as indicated in tab!? 4-3. 

S/RKO = RWRITE-N4 NRKO NRK1 NRK2 NRK3+... 
R/RKO = RWRITE-N4 NRK1 NRK2 NRK3 + ... 
S/RK1 = RWRITE-N4 NRK1 NRK2 NRK3 + ... 



4-45 



XDS 901565 



R/RK1 = RWR1TE-N4 NRK2 NRK3 + ... 

S/RK2 = RWRITE-N4 NRK2 NRK3 + ... 

R/RK2 = RWRITE-N4 NRK3 + ... 

S/RK3 = RWRITE-N4 NRK3 + ... 

: R/RK3 = RWRITE-N4 + ... 

Signals indicating the state of the RK-counter provide in- 
puts to the TRL delay line (paragraph 4-41), the service 



call logic (paragraph 4-32), and the end data and end ser- 
vice logic (paragraph 4-35). At the start of a date out or 
a data in service cycle, the RK-counter (RKO RK1 RK2 RK3 
RK4) is in state (1 1111). For either type of service cycle, 
data bytes are first written into the FAM module, causing 
a countdown for each byte written. As a byte is read from 
the FAM module, a countup occurs. If the RK-counter 
reaches state (0 1111), 16 active bytes are stored in the 
FAM module and the S WRITE signal is inhibited, preventing 
any additional FAM write cycles until an active byte is 
read from the FAM module. 

SWRITE = NTRS130 RKO (DCB S WRITE + ..,) 





Table 4-3. Operation of the RK-Counter 






PRESENT STATE 


NEXT STATE 






If RWRITE-N4 Is True 


If RREAD-4 Is True 


RKO RK1 RK2 RK3 RK4 


RKO RK1 RK2 RK3 RK4 


RKO RK1 RK2 RK3 


RK4 


1 


1111 


1 


1 


i 1 


10 


10 1 





10 10 


10 1 


10 1 


1 


10 11 


1 1 


10 10 





10 10 


1 11 


10 10 


1 


10 10 1 


10 10 


1 i 1 





10 110 


1 1 I 


10 11 


1 


10 1 1 1 


10 110 


110 


c 


110 


10 1 1 1 


110 


1 


1 1 1 


110 


110 1 





1 1 10 


110 1 


110 1 


1 


110 11 


110 10 


1110 





1 1 1 


110 11 


1110 


1 


1110 1 


1110 


1111 





1 1 1 10 


1110 1 


1111 


1 


11111 


1 1 11 


(Inhibited) 






Notes 




1. The number of active bytes 
state (1 1 1 1 1 indicates ac 


in the FAM module is indicated by the ones complement of the RK-counter 
tive bytes; 1111 indicates 16 active bytes) 




2. Initial state (1 1111) can be 
the FAM read cycle 


; followed only by a FAM write cycle; a subsequent state (1 111 f) inhibits 
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If the RK-counter reaches state (1 1111) after bytes have 
been written into the FAM module, all active bytes have 
been read. Therefore, signal REMPTY becomes true, in- 
hibiting the SREAD signal and preventing any additional 
FAM read cycles until a byte is written into the FAM mod- 
ule. 



SREAD 



NTRS130 NREMPTY (DCB SREAD 



REMPTY = RKO RK1 RK2 RK3 RK4 

Flip-flop SCR is controlled by RK-counter signals, and in 
turn controls service call flip-flop SCN and end data flip- 
flop EDISET3. SCR is direct set during phase RSA of an 
order out service cycle. 

M/SCR = PHRSAOO 

During a data out or a data in service cycle, SCR is clocked 
by RKCK and changes state under control of RK-counter 
signals. 



S/SCR 



= RREAD-2 SCRSET 



SCRSET = NSCSbf RK2 NRK3 NRK4 



SCSET = WCHVV RK1SCR + READ NRK1 



RK1 


SCR = 


RK1 SCR 


R/SCR 


= 


SCRSET 


C/SCK 


= 


RKCK 



If the controller is executing a write order or a checkwrite 
o r der (WCHW true), SCSEf is true until RK1 is reset, so 
tnat SCRSET is false until RK1 is reset. Therefore, SCR 
will remain in the set state until the RK-counter is in state 
(1 0100), indicating the* 11 active bytes are in the FAM 
module. If a FAM read cycle occurs at this time, RREAD-2 
will come true end SCR vMI remain in the set state as the 
RK-counter goes to state (1 0101) to indicate that there 
are 10 active bytes in the FAM module. If a FAM write 
cycle occurs at this time, RREAD-2 will be false and SCR 
will be reset as the RK-counter goes to state (1 001 1 ) to 
indicate that there are 12 active bytes in the FAM module. 

If the controller is executing a read order (READ true), 
SCSET is false until RK1 ir reset, so that SCRSET becomes 
true when the RK-counter is in state (1 1100), indicating 
that there are three active bytes in the FAM module. If 
a FAM read cycle occurs at this time, RREAD-2 will come 
true and SCR will remain in the set state as the RK-counter 
goes to state (1 1101) to indicate that there are two active 
bytes in the FAM rnoduie. If a FAM write cycle occurs at 
this time, RREAD-2 will be false and SCR will be reset as 
the RK-counter goes to state (1 1011 ) to indicate that 
there are four active bytes in the FAM module. 



At the start of a data out service cycle following an order 
out service cycle, SCN is direct set. This action is caused 
by SCR, which is direct set during phase FS of the order out 
service cycle. 

NSCNMEN1 = DATAOUT SCR + ... 

The input/output operation begins with at least three ser- 
vice cycles, causing 12 bytes to be written into the FAM 
module before SCR is reset. Signal SCSET prevents reset of 
SCN during phase FSL, so that SCN is not reset until at 
least seven active bytes are in the FAM module. 

S/SCN = SCNEN 

SCNEN = SCN DATA EXT SCSET 

SCSET = WCHW RK1SCR + ... 

Since SCN is not reset until phase FSL, an additional ser- 
vice cycle of four bytes is in process and 12 b/tes are writ- 
ten. 

After the initial service cycles, SCR is set whenever there 
a"e 11 active bytes in the FAM module (1 OiOu), and a 
FAM read cycle occurs. After SCR is set, SCN is set again 
to request a service cycle. At the start of a data in service 
cycle following an order out service cycle, SCN is in the 
reset state. After four bytes have been written into the 
FAM module, SCR is reset and SCN is direct set. 

NSCNMEN1 = READ RKID SCNREN f ... 

SCNREN = NSCR + ... 

Signal SCSET prevents reset of SCN during phjse FSL, so 
that SCN is not reset if there are eight or more active bytes 
in 'he FAM module. 

S/SCN = SCNEN 

SCNEN = SCN DATA EXT SCSET 



SCSET 



READ NRK1 + ... 



After the initial service calls, additional bytes are written 
i"to the FAM module. If a FAM read cycle takes place 
Vvhile there are three active bytes in the FAM module 
(1 1100), SCR is set, thereby inhibiting any service cali 
when there are less than four bytes in the FAM module. 
For any other condition, SCR is reset and a service call 
mcy be requested. 

An end service signal is generated during phase RSA of a 
data out service cycle if SCR is reset (12 or more active 
bytes in the FAM module). 

S/EDISET3 - NSCR NEDIS3 + ... 

NEDIS3 = PHRSADO (NRK3 J - NBYT1ID) 
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For a multiple-byre interface, this flip-flop is set after 12 
active bytes are in the FAM module (1 001 1 ); for a single- 
byte interface, this flip-flop is set after 14 active bytes 
are in the FAM module (1 0001). 

4-43 JF-Reg?ster 

The J-pointer register (JP-register), which consists of buf- 
fered latches JP0 through JP3, stores the address of the next 
FAM location to be selected for writing data from the J- 
register. During a FAM write cycle, the address stored in 
the JP-register is placed in the L-register for addressing a 
location in the FAM module and a new address is accepted 
from outputs of the L-register. (See figure 4-14. ) 

During phase RSA of an order out service cycle, the address 
1111 is stored in the JP-register. Therefore, the first FAM 
location addressed for v/riting is always location 1111. 

JP0 = PHRSAOO + ... 

PHRSAOO = PHRSA ORDOUT 

JP1 = PHRSAOO + ... 

JP2 = PHRSAOO + ... 

JP3 = PHRSAOO + ... 

During a FAM write cycle, the incremented value from the 
L-register output signals is stored in the JP reyister. Refer 
to paragraph 4-45 for operation of the L-register. 

JP0 = JPXL LEG + ... 

JPXL = RWRITE-2 TRS270 NTRS000 

JP1 = JPXL LEI + ... 

JP2 = JPXL LE2 + ... 

JP3 = JPXL NL03 + ... 

An address stored in the JP-register during a FAM write 
cycle is retained while signal JPX0 is true. 

JP0 = JP0 JPX0 + ... 

JPX0 = N (RWRITE-2 TR180) 

RWRITE-2 = N(SREAD WCHW) (S WRITE TRS030 
+ RWRITE-2 NTRS000) 



Signal JPX0 goes false during a FAM write cycle just before 
the new address is transferred from the L-register. Conse- 
quently, the contents of the JP-register are 0000 before a 
new address is stored. 

4-44 KP-Register 

The K-pointer register (KP-register), which consists of buf- 
fered latches KP0 through KP3, stores the address of *he 
next FAM location to be selected for reading data into the 
K -register (or l-register). During a FAM read cycle, the 
address stored in the KP-register is placed in the L-register 
for addressing a location in the FAM module, and a new 
address is accepted from outputs of the L-register. (See 
figure 4-15. ) 

During phase RSA of an order out service cycle, the address 
llll is stored in the KP-register. Therefore, the first FAM 
location addressed for writing is always location 1111. 

KP0 = PHRSAOO + .,. 

PHRSAOO = PHRSA ORDOUT 

KP1 = PHRSAOO + ... 

KP2 = PHRSAOO + ... 

KP3 - PHRSAOO + ... 

During n FAM read cycle, the incremented value from the 
L -register output signals are stored in the KP-regisl^r. Refer 
to paragraph 4-45 for operation of the L-register. 

KP0 = KPXL LEO + ... 

KPXL = RREAD-2 TRS270 NTRS000 

KP1 = KPXL LEI + ... 

KP2 = KPXL LE2 + ... 

KP3 = KPXL NL03 + ... 

An address stored in the KP-register during a FAM read 
cycle is retained while signal KPX0 is true. 

KP0 = KP0 KPX0 + ... 

KPX0 = N(RREAD-2 TRS180) 

RREAD-2 = N(READ SWRITE)(SREAD TRS030 
+ RREAD-2 NTRS000) 



JP1 
JP2 
JP3 



= JP1 JPX0 + ... 
= JP2 JPX0 + ... 
= JP3 JPX0 + ... 



KP1 
KP2 
KP3 



= KP1 KPX0 + 
= KP2 KPX0 + 
= KP3 KPX0 + 



4-48 



XDS 901565 



© 



JFI _J- 






n 


1 




CYCLER 




r 












SWRITE [~~ 


















RWRITE-1 


















RWRITE-2 






u 




L 


L02 

© 


1 




u 






L03 W 


















JP2 




1 


















JP3 




1 




JPXL 






n 




n 


JPXC 

FAM WRITE 
r LOC" 




200 

1 




u 






_L 


400 

1 




600 

1 






TIME IN NS 







NOTES: 



1. CONTENTS OF L02 AND L03 CLEARED BY NTRS030 

2. RK-COUNTER INCREMENTED BY TPS130 

3. DATA TRANSFERRED FROM J-REGISTER TO ADDRESSED LOCATION 
IN FAM MODULE BY FAM WRITE CLOCK 

4. JFI LATCHED UNTIL JFIRESET TRUE 
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Figure 4-14. Sequence of FAM Write Cycles, Timing Diagram 
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NOTES: 



1. CONTENTS OF L02 AND L03 CLEARED BY NTRS030 

2. RK-COUNTER INCREMENTED BY TRS130 

3. DATA TRANSFERRED FROM ADDRESSED LOCATION IN 
FAM MODULE TO K-REGISTER (OR I-RLGISTER) BY KXR 

4. KFI FALSE UNTIL KFISET TRUE, GENERATING KFIX1 
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Figure 4-15. Sequence of FAM Read Cycles, Timing Diagram 
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Signal KPXO goes false during a FAM read cycle just before 
the new address is transferred from the L-register, so that 
the contents of the KP-register are 0000 before a new ad- 
dress is stored. 

4-45 L-Register 

The L-register consists of buffered latches LOO through L03 
and buffered latch NL03 which stores the bit complementary 
to the bit stored in L03. The L-register provides a four- 
bit address input to the FAM module during either a FAM 
read cycle or a FAM write cycle. Outputs of the L-register 
provide inputs to the KP-register or to the JP-register and 
store an incremented address in these registers, as summa- 
rized in table 4-4. Refer to paragraph 4-43 for operation 
of the JP-register and to paragraph 4-44 for operation of 
the KP-register. 

During a FAM write cycle, the contents of the JP-register 
are stored in the L-register while signal RWRITE-1 is true. 



Signal RWRITE-1 is latched until a data byte is stored in 
the addressed FAM location, and an incremented address 
is stored in the JP-register. (See figure 4-13.) 

L00 = JP0 RWRITE-1 + ... 

RWRITE-1 = N (READ WCHW)(S WRITE TRS030 
+ RWRITE-1 NTRS000) NTRS130 



L01 
L02 
L03 
NL03 



= JP1 RWRITE-1 + ... 
= JP2 RWRITE-1 + ... 
= JP3 RWRITE-1 + ... 
= NJP3 RWRITE-1 + .. 



During a FAM read cycle, the contents of the KP-register 
are stored in the L-register while signal RREAD-1 is true. 







Table 


4-4. Relation Between State 


and Output 


of the L-Reg 


ister 


STATE 


SIGNALS 




OUTPUT TO JP-REGISTER 
OR KP-REGISTER 


LOO 


L01 L02 


L03 


LEO L^l LE2 


123 


L123 




















1 








1 


1 








10 





1 





1 








11 





1 


1 


1 


1 





10 





1 





1 








10 1 





1 


1 


1 1 








110 





1 1 





1 1 








111 





1 1 


1 


1 


1 


1 


1 










1 








10 1 







1 


1 1 








10 10 




1 





1 1 








10 11 
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1 


1 10 


1 





110 




1 





1 1 








1 1 1 
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1 1 1 








1110 




1 1 





1 1 1 








1111 




1 1 


1 





1 


1 
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Signal RREAD-1 is latched until a data byte is read from 
the addressed FAM location and an incremented address is 
stored in the KP-register. (See figure 4-14.) 

LOO = KPO RREAD-1 + ... 

RREAD-1 = N(READ SWRITE)(SREAD TRS030 
+ RREAD-2 NTRS000) NT RSI 30 

L01 = KP1 RREAD-1 + ... 

L02 = KP2 RREAD-1 + ... 

L03 = KP3 RREAD-1 + ... 

NL03 « NKP3 RREAD-1 + ... 

The incremented value of the input to the L-register is 
generated by a set of exclusive CR gates for the most signi- 
|int bits of the address. 

LEC = (LOO + L123) N(L00 L123) 

L123 = L01 L23 



the J -register, the FAM module, the K -register, and the 
D-register to the addressed selection unit. For a write 
sequence, data transfers from the FAM module to the re- 
register have priority over data transfers from the J -register 
to the FAM module. This priority assures that the D-register 
will have data for transfer to the selection unit. 

Data transfer from the IOP is controlled by the phase con- 
trol circuit as described in paragraph 4-20. Data from the 
IOP is requested during phase RSA. As the IOP responds, 
the TCL delay line is started, IOP data is stored in the I- 
register, and phase RS is entered. 

DCL = CYCLE/C PHRSA RSAU + ... 

IXD = PHRSADO TCSOO0-3 

New data cannot be requested until phase RSA is entered 
from phase RS. This change of phase cannot occur unti I at I 
previously accepted data has been transferred to the FAM 
module and the J -register is empty (JFI false). 



DCL 



CYCLE/C DCLSTART2 NBSAU 
+ ... 



L23 = L02 L03 

LEI = (L01 + L23) N(L01 L23) 

LE2 = (L02 + L03) N(L02 L03) 

During a FAM write cycle, the incremented address is 
placed in the JP-register; during a FAM read cycle, the 
incremented address is placed in the KP-register. 

The L-register is cleared 30 ns a f ter starting the TRL delay 
line, so the address from the KP-register or JP-register can 
be read at address outputs LOO through L03 and NL03. 

LOO '= LOO NTRS030 + ... 

L01 = L01 NTRS030 + ... 

L02 = L02 NTRS030 + ... 



L03 



L03 NTRS030 + ... 



NL03 = NL03 NTRS030 + ... 

After the L-register is cleared b> signal NTRS030 and is 
loaded as previously described, signal NTRS030 acts as a 
latch control until a new value is loaded. 

4-46 Operation of FAM Circuits During the Write Sequence 

While the controller is executing a write order or a check- 
7 write order, data is transferred from the l-register to the 
D-register through the FAM circuits. (See figure 4-1 1. ) 
Data accepted from the IOP passes through the l-register, 



DCLSTART2 = WCHW PHRS NJFI + ... 

The J -register is cleared after its contents have been trans- 
ferred to the FAM module. 

NJXO = PHRSDO TCS000-1 

Data transfers from the FAM circuits to the selection unit 
are controlled by the selection unit interface circuits as 
described in paragraph 4-53. Data transfers from the FAM 
module to ihe K-register are controlled by the TRL drlay 
line. Data transfers from rha K~register to the D-reg/ster 
take piece at eight-bit intervals uniil the postamble is 
written (POST true). 

DXK - WRITE NPOST BIT7RWE + ... 

The function of the FAMcircuits is to process data transfers 
between the IOP and the addressed selection unit, providing 
data to the selection unit at the required rale for an IOP- 
to -controller interface of one byte, two bytes, or four f^-ytes. 

4-47 ONE -BYTE INTERFA CE. For a one -byte interface 
with the IOP, signal BYT1ID is true, the byte counter is 
not used, and the data path from the IOP is through the 
most significant byte of the l-register (100-107) to the J- 
register, then to the addressed location in the FAM module. 
(See figure 4-1 1. ) 

When IOP data is first stored in the l-register, signal JFI 
is false. Therefore, the data is transferred to the J -register 
as the TCL delay line is started during phase RS, and JFI 
is raised and latched at the true level. 
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JXI1B = IOP BYT1ID PHRSDO TCS000-2 

JFI = N(JFIRESET R WRITE -2 TRS180)(JFIX1 

+ JFI NPHRSAOO + ...) 

JFIX1 = PHRSDO TCS000-2 

The controller can accept data from the IOP but cannot 
start the TCL delay line during phase RS until JFI is false. 

The TRL delay line is started by JFI through signal SWRITE. 

S WRITE = (CYCLER JFI NTRS000 
+ ...) NTRS130 RKO 

During the FAM write cycle that is started by this signal, 
the following events take place: 

a. The L -register is cleared. 

b. The contents of the JP-register are read through 
outputs of the L-register to the FAM module. 

c. The contents of the J -register are transferred in 
parallel to the FAM module location addressed by the L- 
register outputs. 

d. The decremented value of the contents of the JP- 
register is read from the L-register outputs into the JP- 
register. 

e. The RK-counter U decremented. 

TH.'ise events are control ltd by the following equations: 

LOO - LOO NTRS030 + ... 

JPXO =■- N(RWRITE-2 TRS180) 

(FAM write clock) - R WRITE -2 TRS180 

JPXL = R WRITE -2 TRS270 NTRS0O0 

RKCK = N(TRS130 + ...) 

RWRITE-N4 - RWRITE-2 NRK4 

Signal JFI goes false as the contents of the J-register are 
stored in the FAM module, and a transfer from phase RS to 
phase RSA is enabled. 

JFI = N(JFIRESET RWRITE-2 TRS180) 
(JFI NPHRSAOO + ...) 

Data may be accepted from the IOP until the FAM module 
is filled. FAM read cycles transfer data from the FAM 
module to the K-register after the preamble has been writ- 
ten, enabling the TRL delay line to be started by an SREAD 
signal. 



SREAD = (CYCLER NTRS000 NKFI SREADEN 

+ ...) NTRS130 NREMPTY 

SREADEN = NPOST NRWE NRWP NWPRE 

When data is first stored in the FAM moduie, signal KFI is 
false. Therefore, the data is transferred to the K-register 
as soon as the preamble has been written because FAM read 
cycles have priority over FAM write cycles. 

KFI = KXO (KFIX1 + KFI NPHRSAOO) 

KFIX1 = KFISET RREAD-2 TRS180 

During the FAM read cycle that is started by this signal, 
the following events take place: 

a. The L-register is cleared. 

b. The contents of the KP-register ore read through 
outputs of the L-register to the FAM module. 

c. The contents of the FAM module location addressed 
by the L-register outputs are transferred to the K-register 
(or the l-register). 

d. The incremented value of the contents of the KP- 
reg'stcr is read from the L-regisier outputs into the KP- 
register. 

'j. The RK-counter is incremented. 

These events are controlled by the following equations: 

LOO = KPO RREAD-1 + ... 



KPXL 


= RREAD-2 TKS270 NTRS00C 


KPXO 


= N(RREAD-2 TRS180) 


KXR 


= KXREN RREAD-2 TRS180 


KXREN 


= BKZZ + ... 


,~KCK 


= N(TRS130 + ...) 


RREAD-4 


= RREAD-2 RK4 



Signal KFI is raised and latched as the contents of the FAM 
module are transferred to the K-register. Signal KFI re- 
mains true until the K-register is cleared following transfer 
of its contents to the D-register. 

NKXO = WCHW TDT2 + ... 

This sequence of acceptance of data from the IOP, transfer 
of data to the FAM module, and reading data from *he FAM 
module to the selection unit continues under mutual conlrol 
of phase control circuits, FAM circuits, and selection unit 
inteiface circuits. When the FAM module is filled, requests 
for IOP data are inhibited because flip-flops RKO is reset, 
inhibiting FAM write cycles, and JFI is held true, inhibiting 
transfer from phase RS to phase RSA. When the FAM moduie 
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is empty, FAM read cycles are inhibited because signal 
REMPTY is true. Anyattempt to write into the FAM module 
when it is full or to read from the FAM module when it is 
empty causes a rate error, as described in paragraph 4-78. 

4-48 MULTIPLE-BYTE INTERFAC E. For a two- or four -byte 
interface with the IOP, signal NBYT1ID is true, the byte 
counter is used to control data transfer from the I-register 
to the J -register, and the data path from the IOP is to the 
I-register, to the most significant byte of the I-register 
(100-107), to the J -register, then to the addressed location 
in the FAM module. (See figure 4-11.) The rest of the 
paragraph emphasizes the differences between write opera- 
tions for a one-byfe interface and for a multiple-byte in- 
terface. 

When IOP data is stored in the I-register, signal JFIX1 
comes true and causes JFI to be icised and latched similar 

•a one-byte sequence. However, JFI remains latched 
ii all bytes accepted from fb.z IOP have been transferred 
to the J-register. Data transfer <rom the I-register is con- 
trolled by timing signals of the 1RL delay line (instead of 
the TCL delay line). Data transfers take place within the 
I-register so that all transfers from the J-register are from 
the most significant latches of the I-register (100-107). The 
multiple-byte interface data pa f h from the J-register through 
the FAM circuits to the D-regisfer is identical to the one- 
byte interface data path. 

Signal JFI remains latched at th* true level following ac- 
ceptance of IOP data because a false JFIRESET signal takes 
control from signal JFIX1. Once JFI is raised by JFIX1, 
JFI remains latched until JFIRESET is true during a FAM 
write cycle. 



jn 



JFIX1 



= N(JFIRE:ET RWRITE-2 TRS180) 
(JFIX1 -r JFI NPHRSAOO 
+ .-.) 

= PHRSDO TCS000-2 



NJFIRESET = WCHW N3YT1ID BK1 (Two- and 

four -byte 
interface) 
+ WCHW BYT4ID BK0 (Four-byte 
interface) 

The byte counter (BK0, BK1) is direct set to state (1, 1) 
each time JFIX1 is true and clc~Ked during each FAM write 
cycle. (See paragraph 4-33. ) 

BKX1 = NBKX1EN + ... 

NBKX1EN = WCHW JFIX1 + ... 
NBKCK = BKCKEN TRS270 + ... 

BKCKEN = NBYT1 ID(WCHW RWRITE-1 + . . . ) 



For a two-byte interface, two FAM write cycles take place 
before signal JFI goes false to enable a transfer to phase 
RSA to request additional data from the IOP. During the 
first FAM write cycle, data is transferred from latches (100- 
107) of the I-register to the J-register, the contents of (108- 
115) are transferred to (100-107), and the byte counter goes 
to state (1, 0) so that signal BKZW is true. 

JXIN1B = NBYT1ID IOP DATAOUT RWRITE-2 
TRS060 



IX! -1 



= 1XEN RWRITEDO BKZZ 



IXEN = NBYT1ID TRL180 NTRL240 

During the second FAM write cycle, data is transferred 
from latches (100-107) of the I -register to the J-register as 
before. However, since JFIRESET is now true, JFI goes 
false during the FAM write cycle. 

For a four-byte interface, foui FAM write cycles take place 
before s'gna! JFI goes false to enable a transfer to phase 
RSA to request additional data from the IOP. During the 
first FAM write cycle, data is transferred as for the two- 
byte interface. During the second FAM write cycle, data 
5s transferred from latches (100-107) of the I-register to the 
J-register, the contents of (116-123) are transferred to (100- 
107), and the byte counter goes from state (1, 0) to state 
(0, 1) so that signal BKWZ is true. 

IXI-2 = IXEN RWRITEDO BKZW 

During the third FAM write cycle, data is transfer! ed from 
latches (100-107) of the I-register to the J-register, the 
contents of (124-131) are transferred to (100-107), end the 
byte counter goes from state (0, 1) to state (0, 0) so that 
signal bKWWis true. 

IXI-3 =-- IXEN RWRITEDO BKWZ 

During the fourth FAM write cycle, data is transfetre:! from 
latches (100-107) of the I-register to the J-register us before. 
However, since JFIRESET is now true, JFI goes faLe during 
the FAM. write cycle. Therefore, for a multiple-byte inter- 
face, the phase control circuits cannot request additional 
data from the IOP until previously accepte;' data has been 
written into the FAM module. However, FAM read cycles 
may occur during this interval to maintain the data rate to 
the addressed selection unit. For o multiple-byte ir.ierface, 
data transfer from the FAM module to the K-register is en- 
abled by a false READRR signal (instead of a true BKZZ 
signal). 

KXR = KXREN RREAD-2 TRS180 

KXREN '■= NREADRR + BKZZ 



READRR - READ RREAD-2 
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4-49 Operation of FAM Circuits During the Read Sequence 

While the controller is executing a read order, data is 
transferred from the D-register to the O-register through 
the FAM circuits. (See figure 4-11. ) Data accepted from 
the selection unit passes through the D-register, the J- 
register, the FAM module, the K-register (or the I- 
register), and the O-register, to the IOP. For a read 
sequence, data transfers from the J -register to the FAM 
module have priority over data transfers from the FAM 
module to the K-register (or to the I-register). This priority 
order assures that a data in the D-register will be stored in 
the FAM module as it comes from the selection unit. 

Data transfer from the selection unit is controlled by the 
selection unit interface circuits as described in paragraph 
4-53. Following detection of the preamble, data bytes 
ere transferred from the D-register to the J-register ateight- 
bit intervals as described in paragraph 4-54. 

JXD = READ NPRE TDT2 

A FAM write cycle is enabled each time signal JXD comes 
true. 

SWR1TE = (CYCLER JFI NTRS000 + ...) 
NT RSI 30 NRKO 

JFI = N(JFIRESET RWRITE-2 TRS180)(JXD 
+ JFI NPriRSAOO + ...) 

FAM read cycles are aliowed after read/write enable flip- 
flop RWE is set, as described in paragraph 4-62. 

SREAD = (ik^ADEN NKFI CYCLER 

.sTRSOOO + READ NKFI CYCLER 
N;RS000 + ...) NREMPTY 
NT RSI 80 

SREADEN = NPOST RWE NRWP NWPRE 

While the phase control circuits are in phase RSA, the IOP 
accepts data stored in the O-register and enables a transfer 
to phase RS. 

DCL = CYCLE/C PHRSA RSAU + ... 

Un less end data signa I ED is true, new data is transferred from 
the K-register (or from the K-register and the I-register) 
into the O-register while the phase control circuits are in 
phase RS. 



OXK 



OXKEN 



OX KEN TCS000-2 



PHRS DATAIN NED 



However, the TCL delay line cannot be started to permit 
this data until additional data has been stored in the K- 
register (or K-register and I-register) as indicated by a 
true KFID signal. 



DCL = CYCLE/C DCLSTART2 NRSAU 

+ ... 

DCLSTART2 = PHRS READ KFID + ... 

The function of the FAM circuits during a read sequence is 
to control data transfers from the FAM module to the K- 
register (or K-register and I-register) so that data may be 
stored in the O-register for transfer to the IOP on a one-, 
two-, or four-byte interface. 

4-50 ONE-BYTE INTERFACE . For a one -byte interface 
with the IOP, signal BYT1ID is true, the byte counter is 
not used, and the data path from the addressed location in 
the FAM module is first to the K-register then to the most 
significant latches of the O-register (000-007). (See 
figure 4-11 .) 

Each time selection unit data is transferred from the D- 
register to the J-register, signal JFI is raised and latched. 
The TRL delay .line is started, and since a FAM write cycle 
has priority over a FAM read cycle, a FAM write cycle 
takes place. 

During the FAM write cycle that is started by this signal, 
the following events take piece: 

a. The L-register is cleared. 

b. The contents of the JP-register are read through 
outputs of the L-register to the FAM moduie. 

c. The contents of the J-register ere t.ansferred in 
parallel to the FAM module location addressed by the L- 
register outputs. 

d. The decremented value of the content: of the JP- 
register is read from the L-register outputs into the JP- 
register. 

e. The RK-counter is decremented. 

These events are controlled by the following equations: 

LOO = LOO NTRS030 + ... 

JPX0 = N(RWRITfc-2 TRS180) 

(FAM write clock) = RWRITE-2 TRS180 

JPXL = RWRITE-2 TRS270 NTRS000 

RKCK = N(TRS130 + ...) 

RWRITE-N4 = RWRITE-2 NRK4 

Signal JFI goes false as the contents of the J-register are 
stored in the FAM module. When data is first stored in the 
FAM module, signal KFI is fo'se. Therefore, the data can 
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be transferred to the K-registerany time after a false REMPTY 
signal indicates that data is available, provided that no 
FAM write cycle takes priority. 

SREAD = (CYCLER NTRS000 NFKI READ 

+ ...) NTRS130 NREMPTY 

KFI = KXO (KFIX1 + KFI NPHRSAOO) 

( * KFIX1 = KFISET RREAD-2 TRS180 

During the FAM read cycle that is started by this signal, 
the following events take place: 

a. The L-register is cleared. 

b. The contents of the KP-register are read through 
outputs of the L-register to the FAM module. 

ti c. The contents of the FAM module location addressed 
the L-register outputs are transferred to the K -register 
(or the l-register). 

d. The incremented value of the contents of the KP- 
register is read from the L-register outputs into the KP- 
register. 

e. The RK -counter is incremented. 

These events are controlled by the following equations: 

LOO = LOO NTRS03C + . . . 

LOO - KPO RREAD-1 + ... 

KPXL = RREAD-2 TR5270 NTRS000 

KPXO = N(RREAD-^ TRS180) 

RKCK = N(TRS130 •*-...) 

RREAD-4 = RREAD-2 RK4 

KXR = KXREN RREAD-2 TRS18O 

KXREN = BKZZ + ... 

Signal KFI is raised and latched as the contents of the FAM 
module are transferred to the K -register and KFI remains 
true until the K -register is cleared following the transfer 
of its contents to the O-register. 

NKXO = KXOEN + ... 

KXOEN = OX KEN TCS100-3 

■l OXKEN = PHRS DATAIN NED 

This sequence of accepting data from the addressed selection 
unit, transferring data to the FAM module, and reading 



data from the FAM module into the O-register for transfer 
to the IOP continues under mutual control of phase control 
circuits, FAM circuits, and selection unit interface circuits. 
Data transfer to the IOP must continue at a high enough 
rate so that there is always space in the FAM module for 
new data which is accepted at a constant rate. Request 
strobes for the IOP cannot be generated unless there is data 
available for transfer. Any attempt to write into a full 
FAM module or to read from the FAM module when it has 
insufficient data causes a rate error as described in para- 
graph 4-78. 

4-51 MULTIPLE-BYTE INTERFACE . For a two- or four- 
byte interface with the IOP, signal NBYT1ID is true, the 
byte counter is used to control data transfer from the ad- 
dressed location in the FAM module to the K -register and 
l-register, and the data path from the FAM module to the 
O -register is through the K -register and lower-order latches 
of the l-register. (See figure 4-11.) This paragraph em- 
phasizes the differences between a rend sequence for a one- 
byte interface and for a multiple-byte interface. 

When selection unit data is stored in the J -register, signal 
JXD comes true and causes JFI to be raised and latched as 
for a one-byte sequence. Data transfers from the J- -register 
to the FAM module take place under control of signal JXD. 
FAM write cycles and FAM read cycles cause the same se- 
quence of events as for a one-byte interface. However, 
signal KFiD cannot come true until sufficient data bytes 
have bee~> stored in the K -register and I -register. 

The byte counter (BKO, BK1) is direct set to state (!, 1 ) by 
signal BKX1 each time signal KXOEN i« true. At this time, 
data is tiansferred to the O-register from the K -register and 
I-reg?ster ; both of which are then cleared. Refer to rxira- 
graphs 4-C3, 4-37, 4-38, and 4-57 for details. 



NKXO 



BKX1 



KXOEN + ... 



= NBKX1EN + ... 



NBKX1EN = READ KXOEN + ... 

Once signal SREADEN is true, FAM read cycles, controlled 
primarily by signal KFI, may take place whenever the FAM 
module contains data bytes. Signals RREAD-1 and RREAD-2, 
which conlrol the priority of FAM read cycles over FAM 
write cycies, become true during a FAM read cycle. Data 
transfers occur as described for a one -byte interface. As 
the byte counter is clocked, it passes from state (1, \} to 
(1, 0) to (0, 1) to (0, 0), as required. 



NBKCK 



= BKCKEN TRS270 + ... 



PKCKEN = NBYT1ID (READRR RREAD-1 +...) 

READRR = READ RREAD-2 

For a two-byte interface, two FAM read cycles must take 
place before signal KFID goes true. When true, KFID 
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enables a transfer to phase RSA and enables a request for 
the IOP to accept data that has been stored in the O-reg- 
ister. During the first FAM read cycle, data is transferred 
from the addressed location in the FAM module to the K- 
register, and the byte counter goes to state (1, 0) so that 
signal BKZW becomes true. 



KXR 



= KXREN RREAD-2 TRS180 



KXREN = 3KZZ + ... 

Signal KFI does not latch true because signal KFIX1 is held 
false by a false KFISET signal. 

KFI = KXO (KFIX1 + KFI NPHRSAOO) 

KFIX1 = KFISET RREAD-2 TRS180 

NKFISET = READRR NBYT1ID BK1 
+ READRR BYT4ID BKO 

During the second FAM read cycle, data is transferred from 
the addressed location in the FAM module to the I-register 
latches 107 through 115, and the byte counter goes to state 
(0, 1). 



IXR-1 



= IXEN READRR BKZW 



IXEN = NBYT1ID TRL180 NTRL240 

Signal KFI latches during the second FAM read cycle be- 
cause KFISET is true. (BKI is false, and BYT4ID is false.) 
Beccuse KFI latches, KFID qoes true and is latched until 
the data transfer is made to the O -register. 

KFID = KXO (KFID + KFIDX1) 

•KFIDX1 = KFI TRS270 

When the data transfer is rrade, the byte counter is set to 
state (1, 1). 

For a four-byte interface, four FAM read cycles must take 
place before signal KFID goes true. The first two FAM 
read cycles are controlled as for a two-byte interface. How- 
ever, after the second FAM read cycle, KFISET remains 
false since the byte counter is in state (1, 0) and BYT4ID 
is true. Therefore, KFI does not latch true, and a byte is 
read from the FAM module into I-register latches II 6 through 
123. 

IXR-2 = IXEN READRR BKWZ 

During the third FAM read cycle, the byte counter goes to 
state (0, 0). Therefore, during the fourth FAM read cycle, 
a byte is read into I -register latches 124 through 131. 

IXR-3 = IXEN READRR BKWW 



During this FAM read cycle, KFISET is true, KFI latches, 
and KFID is latched until the data transfer to the O-register 
is made. When the data transfer is made, the byte counter 
is set to state (1, I). 

4-52 Operation of the TRL Delay Line for a Seek Order 

During execution of a seek order, the contents of the I- 
register must be transferred to the J -register, and the con- 
tents of the J -register must be transferred to the T -register 
or S-register in two successive data out service cycles. 

Data transferfrom the IOP is controlled by the phase control 
circuits as described in paragraph 4-20. Data from the IOP 
is requested during phase RSA. As the IOP responds, the 
TCLdelay line is started, IOP data isstoredin the I-register, 
the byte counter goes from state (1, 1) to state (1, 0), and 
phase RS is entered. 

DCL = CYCLE/C PHRSA RSAU + .., 
NBKCK = PHRSA SEKSEND TCSO0O-3 



IXD 



= PHRSADO TCSOOO-3 



New data is accepted after phase RSA is entered from phase 
RS. This change of phase is enabled immediately after phase 
RS is entered, if the request strobe ccknowledae signal is 
false. 



DCL 



DCLSTART2 



SEKSEND 



CYCLE/C DCLSTART2 NRSAU 
+ ... 

PHRS SFKSEND + ... 
SEEK NPHRSAOO + ... 



Date transfers from the I-registei to the J-regist~r must take 
place before new data <s accepted from the IOP. The data 
transfer is enabled by the TCL delay line. 

JXI1B = IOP PHRSADO TCS0O0-2 BYT 1 . ID 

Signal BYT1ID is true even if the controller is operating 
with a two-byte or four-byte IOP interface. As indicated 
in figure 4-21, byte width signals are true only curing exe- 
cution of read orders, write orders, or checkwrite orders 
for which signal VVRCH is true. 

For any IOP interface width, data transfers from the J- 
register to the T -register or to the S-register are enabled 
by the TRL delay line and are control led by byte counter 
signals. The byte counter is clocked during phase RSA. 
(See paragraph 4-33.) 



NBKCK = PHRSA SEKSEND TCSOOO-3 
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Therefore, when phase RS is first entered, signal BKWZ is 
true, and data is transferred from the J -register to the T- 
register after the TRL delay line is started. 



TXJ 



SEEK RWRITEDO BKZW TRS130 



RWRITEDO = DATAOUT RWRITE-2 

While the controller is in phase RSA a second time, the 
byte counter is clocked again, causing signal BKWZ to be 
true. After the second byte is accepted and stored in the 
J -register, bits through 3 are transferred to the T -register 
and bits 4 through 7 ore transferred to the S -register. (See 
paragraphs 4-25, 4-39, and 4-68 for details. ) 

TXJ = SEEK RWRITEDO BKWZ TRS130 

SXJ = SEEK RWRITEDO BKWZ TRS130 

153 SELECTION UNIT INTERFACE CIRCUITS 

The seiecrion unit interface circuits control exchange of 
signals between the controller and the selection units. When 
the controller is executing an order, en 11 -bit track address 
''is sent to the addressed selection unit during intersector gap 
time. (Two bits of the 1 1 -bit address should always be zeros. ) 
Angular position signals from the selection unit identify the 
sector under the read/write heads. When the angular posi- 
tion signals match the sector address register signals, data 
transfer can begin. Data is written on the addressed track 
for a valid write order; data is reed from the addressed track 
for a valid read order or checkwrite order. 

During execution of a write order/ bits ore written on the 
track by the Manchester encoding method, using the clock 
signals of a 3-MHz oscillator in the controller. A counter 
controls the shifting of the track address and the writing 
of the five -byte preamble, the 1024 data bytes, the two- 
byte checksum, and the single byte of zeros. The five- 
kte preamble is generated at ; nputs to the K-register. The 
mta bytes are accepted from the FAM circuits into the K- 
register. Data from the K-register is transferred to the D- 
register in parallel and is shifted in series from the D-register 
to the selection unit. After all data bytes have been writ- 
ten, zeros are stored in the K-register (if necessary) to 
complete 1024 data bytes per sector, then the two-byte 
checksum is transferred from the P -register to the K-register. 
After the checksum is written, u byte of zeros is written 
before the read/write heads are disabled. 

During execution of a read order, clocking is initially con- 
trolled by the oscillator in the conlroller. During this initial 
period, the addressed selection unit develops a clock sig- 
nal from the Manchester-encoded data. After an interval 
established by logic circuits, dock control is transferred 
to a data strobe clock signal developed in the addressed 
selection unit. When the preamble synchronization pattern 
is detected, the data is accepted serially in eight-bit bytes 
into the D-register and is transferred in parallel to the 



J-register.From the J -register, the data passes to the FAM 
circuits. After the 1024 data bytes have been read, the two- 
byte checksum read from the addressed select ion unit is com- 
pared with a checksum developed during execution of the 
read order. After the checksum comparison is made, no 
additional data is accepted from the addressed selection unit. 

During execution of a checkwrite order, clocking is initially 
controlled by the oscillator in the controller, then by the 
data strobe clock. The preamble synchronization pattern 
indicates the start of data, as for a read order. Data from 
the IOP is moved as far as the D-register. As IOP data is 
shifted serially from the D-register, the data is compared 
with data accepted from the addressed selection unit. This 
comparison is made for 1024 data bytes and for the two- 
byte checksum developed by controller logic. Thus, the 
checkwrite order involves operations similar to those for 
execution of a write order (but does not include writing 
data) and includes operations similar to those for execution 
of a read order (but does not include transferring data to 
the IOP). 

4-54 TDL Delay Line 

The TDL delay line, which includes control flip-fiop TDT 
and associated logic elements, generates timing signals to 
enable data transfer in the selection unit interface circuits. 
(See figure 4-16. ) 

Whenever flip-flop TDT is set, the TDL delay line "sstarted. 
After 40 ns, TDT is di r ect reset. After 60 ns, the input to 
the delay line is inhibited, so a new cycle cannot be started 
until the previous pulse has passed. 

TDL000 = TDTSET NTDL060 

EAD7 = TDL040 

The delay line provides pulses of nominal 40-ns durciion at 
intervals cf 20, 40, 60, 80, and 100 ns. Signal 1DT1 is 
equivalent to TDL020; signal TDT2 is equivalent to TDL080. 

Flip-flop TDT, which is clocked by read/write clock signal 
RWCK, it, set whenever TDTSET is true and is reset whenever 
TDTSET is false. 



SADT = TDTSET 

RADT = ... 
CADT = RWCK 

Signal TDTSET is controlled by signals generated by the B- 
counter and by the selection unit interface logic. During 
execution of a write order, signal TDTSET comes true at 
eight-bit intervals to enable the transfer from the K-register 
to the D-register of the five-byte preamble, the 1024 data 
bytes, and the two-byte posfamble. 
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TDTSET = DXK + ... 

DXK .= WRITE NPOST BIT7RWE + ... 

BIT7RWE = BIO Bl 1 B12 RWE 

During execution of a read order, no transfer of data from 
the K -register to the D -register takes place, and the pre- 
amble synchronization pattern is used to identify the start 
'of the data bytes. Once the data bytes are available, the 
TDL delay line is started at eight-bit intervals to enable a 
transfer of data from the D-register to the J -register. 

TDTSET = TDTSET1 + ... 

TDTSET1 - BIT7RWE NPOST NPRE + ... 

JXD - NPRE READ TDT2 

^^■ing execution of a checkwrite order, transfer of data 
^Wr» the K-register to the D-register takes place, and the 
preamble synchronization pattern is used to identify the 
start of the data bytes. When the preamble synchronization 
pattern is recognized (PSPR true), the next bit received 
from the selection unit will be the first data bit. Therefore, 
the TDL delay iine is started tc enable the first data byte 
received from the IOP (and in the K-register) to be trans- 
ferred to the D-regis'er and compared bit by bit with the 
first data byte received from the selection unit. 



TDTSET 



= DXK + ... 



DXK = CHWR PSPR + ... 

PSPR = NDAR ND00 D01 D02 PSPBREND 

PSPBREND = PSPB REND 

PSPB = B07 BOb PRE RWE 

REND = RWE RCHW 

Subsequent data bytes from the IOP are transferred from the 
K-register to the D-register ax eight-bit intervals. 

TDTSET = DXK + ... 

DXK = CHWR NPOST NPRE BIT7RWE + ... 

Data bytes are received until poatamble time (POST false). 

For either read orders, write ordc-s, or checkwrite orders, 
the TDL delay line is started at eight-bit intervals while 
flip-flops RWP and RWE are in the set state. 

TDTSET = TDTSET1 + ... 

TDTSET! = RWP BIT7RWE + ... 



4-55 Interface Clocking 

The clock signals controlling the selection unit interface 
circuits are controlled by an internal 3-MHz oscillator hav- 
ing an output signal designated CLK3MH, flip-flops DSE 
and CLK, and control signals EXT and DSR. The read/write 
clock signal, which is designated RWCK, is generated by 
four identical circuits. 



(RWCK-1 -RWCK-4) = RWCK 



RWCK 



= CLK3MH 
NEXT CLK 

+ .CLK3MH 
EXT NDSE 

+ DSE DSR 



(1.5 MHz write 
clock, not ex- 
tended performance) 

(3.0 MHz write 
clock, extended 
performance) 

(Read clock) 



During execution of any order, the read/write clock is 
generated by the internal clock at the stnrt of a sector. 
During this period, the controller is either writing the pre- 
amble or counting locally generated clocks in a search for 
the preamble synchronization pattern. 

RWCK = CLK3MH EXT NDSE + ... 

For a write order, this equation generates the read/write 
clock throughout the sector. For a read order, the read/ 
write clock is controlled by the selection unit o'cto strobe 
after DSE ; s set, as described in paragraph 4-59. 

RWCK = DSE DSR + ... 

DSR = /DS/ 

When signal EXT is false (as described in paragraph 4-82), 
the read/write clock frequency is reduced by a facTc. cf 
tv/o, using flip-flop CLK as a frequency divider. 

RWCC = CI.K3MH NEXT CLK + ... 



S/CLIC 
R/CLK 



NClK NDSE 



C/CLK = CLK3MH 

When control of the read/write clock is transferred to the 
data strobe, the reduced frequency clock is read from the 
signal as for an EP RAD selection unit. 

4-56 B -Counter 

The bit and byte counter (B-counter) consists of flip-flops 
BOO through B12 and associated logic elements. These flip- 
flops, which have no reset inputs, are set by a clock signal 
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if the set Input is true and are reset by a clock signal if the 
set input is false. All logic equations for the B-counter 
are written v/ith the following simplifications: 

(RWCK-1 - RWCK-4) = RWCK 

PRE-1 = FRE 



BX0-1 

NBX0-1 

(A073) 

(A075) 

(A077) 

(A079) 



= BXO 

= NBXO 

= B05 

- B03 B04 B05 

- B12 

= BIO Bll B12 



The functions of the B-counter are: 

a. To count bits transmitted to the addressed selection 
unit or received from the addressed selection unit, in serial 
order 

b. To control data transfers within the controller so 
that eight-bit byres are transferred between registers 

c. To control writing of the five-byte preamble during 
execution of a write orde- 

d. To enable search fo> the four-bit preamble synchro- 
nization pattern during execution of a read order or check- 
write order 

e. To identify the po;tamhle during execution of a 
read order, write order, or checkwrite order . 

Bits are counted by flip-flops BIO, Bll, and B12; bytes are 
counted by flip-flops BOO through B09. The description of 
the B-counter operation is related to the sequences described 
in paragraph 4-59. 

At the beginning of each intersector gap, flip-flop PRE, 
RWP, and BCE are in the reset state, and signals BXO and 
SECP are false. Read/write clock signal RWCK is gener- 
ated from a source internul to the controller. When a sector 
pulse or index pulse is deleted, a true SECP signal clears 
flip-flops BOO through B05. 

(E/B00-E/B05) = SECP 



SECP 



= SPR + IPR 



SPR = /SP/ 

IPR = /IP/ 



The next read/write clock sets TSE and generates a true 
BXO signal that resets flip-flops B06 through B12 because 
set inputs to each of these flip-flops are false. 

(C/B06-C/B11) = BXO RWCK + ... 

BXO = PXS + ... 



PXS 


= NRWP TSE 


C/B12 


= RWCK + ... 


S/B06 


= NB06 NBXO + . 



S/B12 



= NB12 NBXO + . 



During execution of a write order, flip-flops B06 through 
Bl 2 count subsequent read/write clocks in binary sequence 
from 000 000 to 1 110 111 (decimal 119). Flip-flop PRE 
is set when the B-counter is in state 1 001 000 (decimal 72). 
Flip-flop RWE is set when the B-counter is in state 1 001 100 
(decimal 76), provided the sector compare signal is true ana 
no errors are detected. Flip-flop RWP is reset when the 
B-ccunter is in state 1 010 000 (decimal 80;. r lip -flop 
BCE is set when the B-counter is in svete 1110 000 (decimal 
1 «?). When the B-counter reaches a count of 1 110 111 
(decimal 119), signal BXO is true, resetting flip-flops B06 
through Bl 2 as before and causing PRE to be reset. 



BXO 



PSPB 



PSP WRITE BIT7RWE -»- 



B07 B08 PRE RWE 



BIT7RWE = B10 Bll B12 RWE 



R/PRE 
C/PRE 



BXO 
RWCK 



Flip-flop BCE is reset one clock time later wh.3n PSPB is 
false. 

S/BCE = PSPB 

R/BCE = ... 

C/BCE = RWCK 

While PRE is set and BCE is reset, signal WPRE causes the 
five -byte preamble to be stored in the K -register for transfer 
to the D-register. At counts 79, 87, 95, and 103, the 
pattern 0101 0101 is stored in the K-register. At count 
111, the pattern 0011 0101 is stored in the K-register. 
(See paragraph 4-57. ) 
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KXPRE = WPRE BIT7RWE (Counts 79, 87, 95, 

103, 111) 

WPRE = PRE WRITE NBCE (Counts 73 through 

112) 

P5PWEN = B07 B09 (Counts 104 through 111) 

As BCE is reset, the B-counter is placed in state 000 000 
001 000 and begins a binary count to state 1 111 111 111 
111. 



S/B00 



= NB00 NPRE + ... 



S/B06 


= NB06 NPRE + ... 


C/B00 


= B05CK B05 B04 B03 B02 B01 + .. 


B05CK 


= B06 NBCE 


C/B01 


= B05CK B05 B04 B03 B02 + ... 


C/B02 


= B05CK B05 B04 B03 + ... 


C/B03 


= B05CK BOS D04 + ... 


C/B04 


= B05CK BOS + ... 


C/B05 


= B05CK 


C/B06 


= RWCK B12 Bll BIO B09 BOS B07 + 


S/B07 


= NB07 NBXO + ... 


S/B08 


= NB08 NBXC + ... 


S/B09 


= B09X1 NBXO + ... 


B09X1 


= WCHW RWE 


S/B10 


= NB10 NBXO + ... 


S/Bll 


= NB11 NBXO + ... 


S/B12 


= NB12 NBXO + ... 


C/B07 


- RWCK B12 Bll BIO B09 B08 + .. 


C/B08 


= RWCK B12 Bll BIO B09 + ... 


C/B09 


= RWCK B12 Bll BIO + ... 


C/B10 


= RWCK B12 Bll + ... 


C/Bll 


= RWCK B12 + ... 


C/B12 


= RWCK 



When the B-counter reaches its maximum count, it is cleared 
by the next clock signal and POST is set. 

S/POST = NPOST NPRE 

C/POST = BOO B01 B02 B03 B04 B05 B05CK + ... 

The B-counter then counts 32 bits (count 000 000 Oil 111) 
and causes RWE to be reset, disabling the read/write heads. 

R/RWE = RWERST 

RWERST = POSTB89 BIT7RWE 

POSTB89 = POST B08 B09 



BIT7RWE 



C/RWE 



B10 Bll B12 RWE 



= RWCK 



The B -counter is cleared at the start of the new sector, as 
described above. During execulion of a read order, the 
B-counter is cleared by a sector pulse or index puise and 
counts in binary sequence. At a count of 76, RWP is resei 
end DSE is direct set to transfer clock control to the data 
strobe cf the addressed selection unit. 

R/RWP = RWPRST 

RWPRST = B06 B08 + ... 

M/DSE = DSErA 

DSEM = NRWP REND 

P.END = RWE RCHW 

Preamble flip-flop PRE may be reset during any of the 16 
clock times from count 112 to count 127 if the preamble 
synchronization pattern is recognized (PSPR true). 

R/FRE = BX0 

BX0 = PSPR + ... 



PSPR 



= NDAR ND00 D01 D02 PSPBREND 



PSPBREND = PSPB REND 

PSPB = B07 B08 PRE RWE 

C/PRE = RWCK 

When PSPB is true, BCE is set. While PSPB is true, BCE 
remains Us the set state; after PRE is reset, BCE remains in 
the set state for one clock time and clears the B-counter, 
as for the write order. 

During execution of a read order, the B-countei is preset 
to 000 000 000 000 (instead of 000 000 001 000, as for 
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a write order). The B-counter then advances to state 1111 
111 111 111, is cleared, and counts to 000 000 01 ) 111, 
similar to a write order. 

During execution of a checkv/rite order, the B-counter 
operates as it does for a read order, first transferring clock 
control to the addressed selection unit, then searching for 
the preamble synchronization pattern, counting data bytes, 
and counting preamble bits. 

4-57 K-Register 

The K -register, which con3ists of buffered latches K00 
through K07, stores data during execution of read orders, 
write orders, or checkwri'e orders. Data stored in the Re- 
register while signal KX0 is true is retained until KX0 is 
false. 

K00 = K00 KX0 + ... 



KC7 = K07 KX0 + ... 

The K-register 3s cleared during phase RSA of an order out 
service cycle when a sense order is executed, when data is 
transferred from the K-rey' c ter to the O-register, and after 
the TDT delay line is started during execution of a write 
order or checkwrite order. 

NKX0 = PHRSaOO + SENSE + KX0EN 

+ WCHVY TDT2 

KX0EN = OXutN TCS100-3 

During execution of a sense oraer, two bytes of data are 
transferred through the K-register latches to the O-register 
under control of the byte counter. For byte 2 of a sense 
order (BKZW true), four bits of the track address are ac- 
cepted from the T -register and the four-bit sector address 
is accepted from the S-reg!ster. 



K00 

K01 

K02 

K03 

K04 

K05 
K06 
K07 



KXSENSE1 



= T07 KXSENSE1 + 

= SENSE BKZW 

= T08 KXSENSE1 + 

= TC9 KXSENSE1 + 

= T10 KXSENSE1 + 

= S00 KXSENSE1 + 

= S01 KXSENSE1 + 

= S02 KXSENSE1 + 

= S03 KXSENSE1 + 



Part of 
► track 
address 



Sector 
Address 



For byte 3 of a sense order (BKWZ true), the address for 
the sector currently under the read/write heads of the disc 
file (angular position) passes through K04, K05, K06, and 
K07 of the K-register. 

K04 = AN0R KXSENSE2 + ... 

KXSENSE2 = SENSE BKWZ 



K05 



K06 



K07 



= AN1R KXSENSE2 + ... 



= AN2R KXSENSE2 + 



AN3R KXSENSE2 + 



During execution of a write order, the bytes of the preamble 
are stored in the K-register while signal KXPRE is true. 
When signal PSPWEN is false, the bit sequence (0101 0101) 
is stored in the K-register; when signal PSPWEN is true, the 
bit sequence (0011 0101) is stored in the K-register. The 
preamble consists of four bytes of (0101 0101) f ol lowed by 
the preamble synchronization pattern of (OOn 0101). This 
pattern is noted in the order K00, K01, K02, ... K07. 
In all cases the signal level for K00, K04, ond K06 is false, 
and the signal level for K03, K05, and K07 is true. Signals 
KXFRE and PSPWEN are controlled by the B-counter and 
are defined in paragraph 4-56. 



K01 



KXPRE NPSPWEN + ... 



K02 = KXPRE PSPWEN + ... 

K03 = KXPRE + ... 

K05 = KXPRE + ... 

K07 = KXPRE + ... 

While the controller is executing a read order, write order, 
or checkv/rite order, data bytes are transferred from the 
addressed location of the FAM module to the K-register 
under control of the TRL delay iine. (See paragraph 4-41.) 

K00 = R00 KXR -t ... 

KXR = KXREN RREAD-2 T RSI 80 

KXREN = BKZZ + NREADRR 

K01 = R01 KXR + ... 



K07 = R07 KXR + ... 

4-58 D-Reg?ster 

The D -register, which is the temporary storage register for 
data passing between the controller and the selection unit, 
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consists of flip-flops D00 through D07 and associated logic 
elements. During execution of a write order or a check- 
write order, the D-register accepts data in parallel from 
the K-register and shifts the data serially to the selection 
unit before accepting a new byte. At the start of a write 
order or checkwrite order, the D-register accepts the five- 
byte preamble from the K-register; at the end of a write 
order or checkwrite order, the D-register accepts the two- 
byte checksum from the P -register. During execution of a 
read order, the D-register accepts data serially from flip- 
flop DAR in eight-bit bytes and transfers the byte inparallel 
to the J-register before the next serial bit is accepted. The 
preamble and the checksum are read into the D-register but 
are not transferred to the J-register. During execution of 
a checkwrite order, IOP data transferred serially from the 
D-register (as in a write order) is compared with selection 
unit data transferred serially from the flip-flop DAR (as in 
a read order). If a mismatch occurs, an error signal is 
gen erated. The 1024 data bytes and the two-byte check- 
(fli are compared bit by bit during a checkwrite order. 
T^ing the intersector gap time, part of the D-register is 
used for track address incrementing. 

The D-register is clocked by read/write clock signal RWCK, 
end reset inpols are always true. 

(C/1DO0-C/D07) = RWCK 

(R/D00-R/D07) = ... 

Therefore, each time RWCK goei false, each flip-flop in 
the D-register is set if its set input is true and reset if its 
set input is faise. When signal DXK is true, the contents 
of the K-register ue transferred to the D-register. 

S/D00 = K00 DXK + ... 



After this initial byte is transferred, bytes are transferred 
at eight-bit intervals until postamble time is reached. 

DXK = CHWR BIT7RWE NPRE NPOST + ... 

When signal DXP is true, the contents of P-reg?ster bits 7 
through 14 (checksum bits) are transferred to the D-register. 

S/D00 = DXP P07 + ... 



S/DG7 = DXP P14.+ .... 

This transfer is made for two byte times during postamble 
time (POST true). 

DXP = POST BIT7RWE 

During the intersector gap time, flip-flop DSL is set end 
enables a shift in four flip-flops of the D-register. 

S/D04 = D05 DSL + ... 

S/D05 = D06 DSL + . . . ► Not used" 

S/D06 = D07 DSL + ... 

S/D07 = D07SET DSL + ... (Track address increment) 

The new data shifted in from signal D07SET is used curing 
track address increment, as described in paragraph 4-70. 

During execution of a read order or checkwrite order, the 
contents of the D-register are shifted right, and new data 
is stored from flip-flop DAR. Flip-flop DAR accepts data 
from the selection unit. 



S/D07 = K07 DXK + ... 

After read/write enable flip-flop RWE is set duringexecu- 
tion of a write order, DXK enables data transfer. Eight 
bits are accepted by the D-register each time signal DXK 
is true. This operation is inhibited during postamble time, 
during which time the checksum ar.d single byte of zeros 
are stored. 

DXK = WRITE NPOST BIT7RWE + ... 

During execution of a checkwrite order, the preamble syn- 
chronization pattern must be recognized (PSPR true) before 
any data transfers are made. A dnta byte from the IOP is 
in the K-register whi le a search for the pattern is conducted, 
land the byte is transferred when PSPR is true. 

DXK = CHWR PSPR + ... 



S/DAR = DAIR REND 

DAIR = /DAI/ 

REND = RCHW RWE 

R/DAR = ... 

C/DAPv = RWCK 

S/DOC = DXSR DAR + . . . 

S/D01 = DXSR D00 J- ... 



S/D07 



- DXSR D06 + ... 
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After eight bits have been stored, the byte is transferred to 
the J -register. 

Signal DXSR is true when all other signals controlling D- 
register flip-flop inputs are false. 

DXSR = NDSL NDXK NDXP 

Therefore, signal DXSR comes true during execution of 
read orders or checkwrite orders to enable acceptance of 
data from the addressed selection unit. In each case, read/ 
write clock signal RWCK is controlled by a local oscillator 
until the preamble synchronization pattern is detected. After 
this event, RWCK is controlled by the data strobe signal 
extracted from data written on the track. During execu- 
tion of a checkwrite order, the serial output from D07 of 
the D-register is compared with the serial output from DAR 
for all 1024 data bytes and for the two checksum bytes. 



CHWER 



CHWEREN (DAR + D07) 
N(DAR D07) 



CHWEREN = CHWR NPOSTB89 NPRE RWE 

4-59 Interface Control C ir cuits 

The selection unit interface is controlled by flip-flops that 
synchronize data transfer, detect the preamble and post- 
amble, control interface clocking, and control increment- 
ing and transferring the track address. 



Flip-Fiop 
BCE 
DSE 
DSL 

PRE 
POST 
RWE 
RWP 
TSE 
SECPD 



Function 

B-counter enable 

Data strjbe enable 

D-regisier shift left enable (used only 
for tiac'' and sector incrementing) 

Preamble detect 

Postamble detect 

Read/write enable 

Read/wrUe possible 

Track shift enable 

Sector pulse or index pulse detect 



4-60 TRACK SHIF T SEQUENCE . (See figure 4-1 7.) While 
a read order, write order, or checkwrite ordei is being exe- 
cuted, the track address is incremented during the inter- 
sector gap time, and the incremented track address is trans- 
mitted serially to the addressed selection unit. 



At the beginning of the intersector gap time, flip-flops 
SECPD and POST are in the set state and flip-flops TSE, 
DSL, and RWP are in the reset state. Read/write clock 
signal RWCK is generated by the local oscillator, as de- 
scribed in paragraph 4-55. SECPD is reset at the falling 
edge of sector pulse signal SPR or index pulse signal IPR. 



S/SECPD 



GND 



R/SECPD = ... 
C/SECPD = SECP 



SECP 



SPR + IPR 



SPR = /SP/ 

IPR = /IP/ 

After SECPD is reset, TSE is set. Signal DSL is then direct 
set. 

S/TSE = NRWP NSECPD 

CASE = RWCK 

M/DSL = TSE 

Signal PXS comes true, enables a data transfer from the S- 
reg'ster to the P-register and from the T -register to the P- 
reglster, and clears the B-counter. (This dato is the incre- 
mented track address and sector address. ) 



BXO 



- PXS + 



PXS = NRWP TSE 



PXT 



= NRWP TSE 



At the next clock signal, RWP is set, causing PXS to be- 
come false, and SECPD to be direct set. 



3./RWP 


= PXS NRWE 


C/RWP 


= RWCK 


M/SECPD 


= SECPDM 


SECP DM 


= RWP + ... 



For the next 11 clock times, TSE is in the se; state, and 
clock signal SC1D enables the 11 -bit track address to be 
shifted out of the P -register to the selection unit. (Refer 
to paragraph 4-60. ) 

/SCI/ = SC1D 

NSC1D = TSE RWP RWCK 

ARK/ = Pll 
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Figure 4-17. Track Shift Sequence, Timing Diagrar 



Flip-flop TSE is reset as the last track shirr enable clock is 
generated. 

R/TSE = TSERST 

TSERST = B09 Bll + ... 

CASE = RWCK 

Fter the track address has been shifted, the sequence of 
"operations depends on the type of order being executed. 

4-61 WRITE ORDER SEQUENCE . If a wnte order is being 
executed, the B -counter is cieored, the track address is 
shifted, and RW P is set as described in paragraph 4-60. 
After the B-counter is cleared, it counts read/write clocks 
in binary sequence, as described in paragraph 4-56. 

When the B-counter reaches a count of 72, PRE is set. (See 
figure 4-18. ) 



S/PRE 



PRESET WRCH 



PRESET = RWP B06 B09 NB10 NB1 1 (NPET 



C/PRE 



= RWCK 



While PRE is set (B-counter states 73 through 119), thefive- 
i^te preamble is written. (See paragraph 4-56.) 



V/PKE = WRITE PRE NBCE 

When the B-counter reaches a count of 76, RWE ',$ set if 
the sec^r under the read/write heads Is the sectc. searched 
for (S c COMPR true) and if no errors have been detected. 
Refer ie paragraph 4-72 for a description of error flip-flop 
operation, 

S/TTA'E = PRE RWESET 

RWESET = BIO SECOMPR NUNE NFAULT 

NFAULT = NRER NSEN NWPV 

C/RWE = RWCK 

After KWE has been set, the read/write heads in the ad- 
dressea selection unit are enabled by signal /WEN/, so 
that daia signal /DAT/ and clock signal /SC2/ arr vali- 
dated. 

/WEN/ = WEND 

WEND = WRITE RWE 

/SC2/ = SC2D 

SC2D = WRITE CLK3MH 

/DAT/ = D07 
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Flip-flop RWP is reset when the B-counter reaches 80. 

R/RWP = RWPRST 

RWPRST - B06 B08 + ... 

C/RWP = RWCK 

After the preamble is written, PRE is reset, BCE remains in 
v the set state for one ciock time, and the B-counter is pre- 
set to (0 000 000 001 000). 

R/PRE = BX0 

BX0 - PSPB WRITE BIT7RWE 

PSPB = B07 B08 PRE RWE 

BIT7RWE - B10 Bll B12 RWE 

C/PRE = RWCK 

S/BCE = PSPB 

R/BCE - ... 
C/BCE 
S/B09 

B09X1 



= RWCK 

= B09X1 BX0 + .. 

- WCHW RWE 



When th >• B-counter reaches a maximum count (1111111 
111 111), POST is set to identify the time for writing the 
postamble. 

S/POST = NPOST NPRE 

C/POST = BOO B01 B0? B04 B05 B05CK + ... 

B05CK = B06 NBCE + ... 
After the postamble has been written (32 bits), RWE is reset. 
R/RWE - RWERST 

RWERST = POSTB89 B1T7RWE 

POSTB89 = POST BOS B09 

BIT7RWE - B10 Bll B12 RWE 
C/RWE = RWCK 

The interface control circuits are now in the initial states, 
ready for sector pulse or index pulse and track addressshift- 
;ing, as before. 

4 ^ 2 READ ORDER S EQUENCE. This paragraph emphasizes 
lifference in operation between the write ordersequence 



described in paragraph 4-61, and the read order sequence. 

If a read order is being executed, the B-counter is cleared, 
the track address is shifted, and RWP is set as described in 
paragraph 4-60. After the B-counter is cleared, it counts 
read/write clocks in binary sequence, as described in para- 
graph 4-56. When the 3-counter reaches a count of 72, 
PRE is set, similar to a write order sequence. When the 
B-counter reaches a count of 76, RWE is set, similar to a 
write order sequence. 

For a read order, the interface control circuits must search 
for the preamble synchronization pattern (0011), rather 
than write the preamble. The state of the B-counter when 
the pattern is detected may not be the same as ihe state of 
the B-counter when the pattern was written. Therefore, a 
search is conducted for the synchronization pattern for two 
byte times (16 bits). Furthermore, since data must be read 
from the selection unit, the data strobe signal must be a! lowed 
to control the read/write clock at some time during execu- 
tion of the read order. 

When the B-counter reaches a count of 80, RWP is .eset as 
for a write order, end DSE is direct set, enabling reaJ/w.ite 
clock signal RWCK to be controlled by the data strobe sig- 
nal. 

M/DSE = DSEM 

DSEKA = NRWP REND 

REND = RWE RCHW 
RWCK = DSR DSE + ... 

DSR = /DS/ 

Once set, DSE remains in the set state until RWE is joset 
at the end of the postamble. 

S/DSE = DSE RWE 

R/DSE = ... 



CA^SE 



RWCK 



Preamble fiip-flop PRE may be reset during any of the 16 
clock times from count 1 12 of the B-counter to count 128 
of the B-counter (PSPB true). 



R/PRE 


= BX0 


BX0 


= PSPR + ... 


PS PR 


= NDAR ND00 D01 D02 PSPBREND 


PSPBREND 


= PSPB REND 


PSPB 


= B07 BOS PRE RWE 


C/PRE 


= RWCK 
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Signal PSPR is true when the preamble synchronization pat- 
tern (0011) has three bits in the D-register and one bit in 
data flip-flop DAR. If the preamble is missed, PSPB is true 
at count 127 and error flip-flop CER is set. (See paragraph 
4-76.) 



PSPM 



B09 BIT7RWE NRWP PSPBREND 



BIT7RWE = BIO BH B12 RWE 

For the read order, flip-flop BCE is set at count 1 12 to pre- 
vent a search for the preamble beyond count 127. If the 
preamble synchronization pattern is recognized, PRE is re- 
set, and BCE is reset on the following clock, similar to a 
write operation. 

S/BCE = PSPB 

R/BCE = ... 

C/BCE = RWCK 

If the preamble synchronization pattern is not recognized, 
BCE remains in the set state, and a true BXO signal is gen- 
erated after B06 is reset at count 127. 

BXO = PRc" NB06. ... 

After BXO is true, PRE is res~*, then BCE is reset. 

While BCE is set, the mo?t significant flip-flops of the B- 
counter cannot be clocked.. 

(C/B0O-C/B04) = PP5 B05CK 

B05CK = BC6 NBCE 

C/B05 = B05CK 

After BCE is reset, the B-ccunter is cleared. 

For the read order sequence, signal B09X1 is not true, and 
the B-counter begins counting data bytes with a count of 
(0 000 000 000 000). Thus the count of the B-counter is 
one less than the data byte being read, as in the following 
examples: 

Data Byte Write Order S tate Read Order State 

1 000 000 001 XXX 000 000 000 XXX 

2 000 000 010 XXX 000 000 001 XXX 
27 000 01 1 011 XXX 000 011 010 XXX 

1023 1 111 111 111 XXX 1 HI 111 110 XXX 

1024 000 000 000 XXX 1111 111 111 XXX 



The least significant bits of the B-counter count the eight 
bits of each byte. During execution of a write order, the 
B-counter is cleared just before the last data byte is to be 
written. 

Data accepted from the addressed selection unit is read by 
data flip-flop DAR after read/write enable flip-flop RWE 
is set. 

S/DAR = DAIR REND 

DAIR = /DAI/ 

REND = RWE RCHW 

R/T3AR - ... 

C/DAR = RWCK 

4-63 CHECKWRITE ORDER SEQUENCE . This paragraph 
emphasizes the differences in operation between the write 
order sequence described in pcrcgraph 4-61, the read order 
sequence described in paragraph 4-62, and the checkwrite 
order sequence. If a checkwrite order is being executed, 
the B-counter is cleared, the track address is shifted, and 
RWP is set as described in paragraph 4-60. After the B- 
counter is cleared, it counts read/write clocks in binary 
sequence, as described in paragraph 4-56. When the B- 
counter reaches a count of 72, PRE is set, as for a write 
order sequence. For a checkwrite order, the interface con- 
tra! circuits must search for the preamble synchronization 
pattern (0011), as in the read order, rather than write the 
preamble. Since data must be read from the selection unit, 
tl-.D data strobe signal must be allowed to control read/write 
clock RWCK at some time during execution of the check- 
wr'te order. Therefore, data strobe enable flip-flop i c set, 
PRE is reset when the preamble synchronization pattern is 
recognized, and data flip-flop DAR reads date from the 
selection unit, similar to a read operation. 

M/DSE = DSEM 

DSEM = NRWP REND 

REND = RWE RCHW 



RWCK 


= DSR DSE + ... 


DSR 


= /DS/ 


R/PRE 


= BXO 


BXO 


= PSPR + ... 


PSPR 


= NDAR ND00 D01 D02 PSPBREND 


S/DAR 


= DAIR REND 


DAIR 


= /DAI/ 


R/DAR 


= 


C/DAR 


- RWCK 
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4-64 SENSE ORDER SEQUENCE. During execution of a 
sense order, the interface control logic inhibits data trans- 
fer until the period of the intersector gap time following 
the transfer of the track address. This restriction guarantees 
that data accumulated for the sense order (figure 3-5) iden- 
tifies the next sector for which a full 1024 data bytes can 
be processed. During the order out service cycle and after 
the sense order code is stored, service call signal SCDcan- 
jnot be raised until flip-flop SEN is set and flip-flop TSE is 
reset. 



M/5CN 



DCB PHFS CYCLE/C 
N(NSCNMEN) 



N(NSCNMEN) = NCDN SCNMEN1 + ... 



SCNMEN1 



- SEN NTSE + 



^^■s-flop SEN is not set until the previously incremented 
^mick address and sector address have been transferred from 

the T-register and the S-registe: to the P-register. (See 

paragraph 4-70. ) 

S/SEN = PXS SENSE 
PXS = TSE NRWP 
C/SEN = RWCK 



PXSR-1 



PRST-1 



= PXSR-2 = PXSR (P-register 
shift right) 

= PRST-2 = PRST (Preset P- 
register) 



(RWCK-1 -RWCK-4) = RWCK 



(Read /write 
clock) 



Reset inputs to the P-register are true when a D-register 
shift left is enabled (DSL true) and during the intersector 
gap time when data cannot be read from, or transmitted to, 
the addressed selection unit (NRWP true). 

(R/P00-R/P15) = PRST 



PRST 



= DSL + NRWP 



For one clock time during the intersector gap time, signal 
PXT is true, causing the track overflow bit TOF and the 
contents of the T-register to be transferred to the P-register. 
(See figure 4-17.) 

S/P00 = PXT TOF + ... 

PXT = TSE NRWP 



S/P01 



= PXT TOO + 



Flip-flop TSE is reset by the following read/write clock. 
(See paragraph 4-60.) Once SEN is set, it cannot Le reset 
until the order in service cycle i-» entered, causing NDATA 
to be true. (See paragraph 4-29. ) 

R/SIN = NDATA 

•-efore, for a sense order, tho data in service cycle for 
first byte cannot begin until SEN is set, after which a 
transfer from phase FS to phase i : SZ is possible. Flip-flop 
SCN is direct set during phase r S. When CDN is set, the 
direct set equation is inhibited and the order in service 
cycle follows. 

4-65 ADDRESSING CIRCUITS 

4-66 P -Register 

The P-register, which consists of flip-flops POO through P15 
and associated logic elements, is clocked by read/write 
clock signal RWCK. Refer to paragraph 4-55 for a descrip- 
tion of the read/write clock. A flip-flop of the P-register 
is reset if the reset input is true and if the set input is false. 
Tf the set input is true, the flip-flop is set regardless of the 
level of the reset input. Equations for the P-register are 
written with the following simplifications. 



sftv. 



= PXT T10 + .. 



At the same time, a sector address is stored in flip-ficps 
PI 2 through D l 5. 



S/P12 
PXS 



= PXS S00 + ... 
= TSE NRWP 



S/P13 = PXS P13LD + .. 

P13LD = P13LDEN + SOI 



P13LDEN = S03 S02 S00 EXT 



S/P14 
S/P15 



=. PXS S02 + ... 



= PXS S03 + ... 



For all sector addresses from 0000 through 1010, the con- 
tents of the S-register are transferred unchanged. There- 
fore, during the incrementing process described inpa;agraph 
4-70, the normal binary sequence will be followed until a 
count of 101 1 is reached. For this count, a value of 1111 
will be transferred to the P-register if an EP RAD storage 
unit is connected (signal EXT true). !n this case, the in- 
crementing process generates an address of 0000, so that a 
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sector match occurs for sector 0000 of the next track. (The 
track ada'ress is incremented in normal binary sequence each 
time that the sector address changes from Till to 0000. ) 

Just before preamble time, the incremented track address 
is returned to the T -register and the incremented sector 
address is returned to the S-register. During preamble time 
(PRE true), the P-register is preset to all ones in preparation 
for generation of the checksum. When signal PXSR is true, 
the contents of the P-register are shifted right, while new 
data is stored in flip-flop POO. 



S/P00 



= PXSR P00SET 



PXSR = PRST NPXS 



S/P01 



= PXSR POO + 



At the beginning of each sector, the S-register is cleared 
just before the incremented value is transferred from the P- 
register if a read order, write order, or checkwrite order is 
being executed. 



NSX0 



S00 



SXP 



S01 



S02 



RWP TDL020 + . . . 



= SXP P12 + ... 



= STXPEN TDL100 



STXPEN = SXPEN RWP 



SXPEN = NPET + ... 



= SXP P13 + ... 



= SXP P14 + ... 



S03 



= SXP P15 + ... 



S/P15 



= PXSR P14 + ... 



The new information is used to generate the checksum whi! 
data is processed, as described in paragraph 4-7 1. 

4-67 S-Register 

The S-register, which consists of buffered latches S00 
through S03 and associared logic elements, stores the 
address of the sector at which a rend sequence or write 
sequence will begin when executed. During execution of 
a seek order, the S-register is loaded from the J-register 
under control of the byte counter and the TRL delay line, 
as described in paragraph 4-97. 

500 = J04 SXJ + ... 

SXJ = SEEK RWRITEDO BKWZ T RSI 30 

501 = J05 SXJ + ... 

502 = J06 SXJ + ... 



S03 



- J07 SXJ + 



Signal SX0 is used to clear the S-register before storage of 
new data and to retain the stored data. 



S00 



S00 SX0 + 



S03 = S03 SX0 + ... 

During phase RS of an order out service cycle, the S~ 
register is cleared if a seek order is to be executed, so that 
a new address can be stored. 

NSX0 = PHRS ORDOUT SEEK + ... 



Sector compare signal SECOMPR is controlled by a com- 
parison between the contents of the S-register and the an- 
gular position signals from the addressed selection unit. 

SECOMPR = (AN0R + NS00) N(AN0R NS00) 

(AN1R + NS01) N(AN1'R NS01) 

(AN2R + NS02) N(AN2R NS02) 

(AN3R + NS03) N(AN3R NS03) 



AN0R 


/AN0/ 


AN1R 


/AN!/ 


AN2R 


/AN2/ 


AN3R 


/AN3/ 


1 T -Register 





The T-register, which consists of buffered latches TOO 
trrough TlOand associated logic elements, stores the ad- 
dress of the track from which data will be read or into which 
data will be written. During execution of a seek order, the 
T-register is loaded from the J-register under control of the 
byte counter and the TRL delay line, as described in para- 
graph 4-97. The 11 bits (two of which should always be 
.zeros) are stored in two consecutive bytes. 



TOO 



J01 TXJ + ... 



TXJ = SEEK RWRITEDO BKZW TR5130 
T01 = J02 TXJ + ... 



T06 



J07 TXJ + . . 
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The bits of the second byte are transferred from the J- 
register to both the T -register and the S-register. 

T07 = J00 SXJ + ... 

SXJ = SEEK RWRITEDO BKWZ TRS130 

T08 = J01 SXJ + ... 

T09 = J02 SXJ + ... 

T10 = J03 SXJ + ... 

Signal TXO is used to clear the T-register before storage of 
new data end to retain the stored data. 

TOO = TOO TXO + . . . 



T10 = TIO TXO + ... 

During phase RS of an order our service cycle, the T- 
register is cleared if a seek order is to be executed, so 
that a new address can be stored. 

TXO = SXO 

NSXO = PHRS ORDOl.T SEEK + ... 

At the beginning of each sector, the T-register is cleared 
just before the incremented value is transferred from the 
P-register if a read order, write order, or checkwrite order 
is being executed. 

TXO = SXO 

NSXO = RWP TDL02o + ... 

TOO = TXP P01 + . . . 

TXP = STXPEN TDU00 

STXPEN = SXPEN RWP 

SXPEN = NPET + ... 

TO! = TXP P02 L . . . 



T10 = TXP Pll + ... 

4-69 U-Register 

The U-register, which consists of flip-flops U0, Ul, and 
U2 and associated logic elements, stores the address of 



the EP RAD storage unit addressed for an input/output oper- 
ation. The set input signals to the U-register come true 
and are latched during phase FSL of a response to an IOP 
command. Data is clocked into the U-register only when 
device controller busy flip-flop DCB is set when a new 
input/output operation is started. 

(C/U0-C/U2) = DCBSET 

DCBSET = PHFSL SIOPOSS OPER 

SIOPOSS = SIOU NDCB NCIL 

(R/U0-R/U2) = ... 

S/UO = SUOD 

SUOD = DA5R IOP + PHFSL SUOD + ... 

S/Ul = SU1D 

SU1D = DA6R IOP + PHFSL SU1D + ... 

S/U2 = SU2D 

SU2D = DA7R IOP + PHFSL SU2D -5- ... 

During phase FSL of any input/output sequence, the con- 
tents of the U-register are compared with the content, of 
IOP data Knes /DA5/ through /DA7/. Signal DVSEL is 
true if the two sets of signals are identical. 

DVSEL = (SUOD + NUO) N(SU0D NUO) (SU1D 
+ NU1) N(SU1D NUI) (SU2D+NU2) 
N(SU2D NU2) 

The contents of the U-register control address signals to the 
EP RAD storage units. 

/[DO/ = SUOD 

/ID!/ = SU1D 

/ID2/ = SU2D 

4-70 Address Incrementation 

The initiol track address and sector address are loaded by a 
seek order, as described in paragraph 4-97. During execu- 
tion of a rend order, write order, or checkwrite order, two 
operations must take place during the intersector gap time. 
First, the sector address must be incremented so that a true 
sector compare signal SECOMPR can be generated for the 
next sector in sequence. Second, if the sector address 
changes from 1011 (binary 1 1 ) to 0000, the track address 
must be incremented, so that the next track address in se- 
quence can be selected. These operations are controlled 
by the P-register and flip-flop D07 of the D-register. (See 
figure 4-19.) 
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During the intersector gap time, the contents of the T- 
register and S-register are transferred to the P-register 
when PXS and PXT are true. (See figure 4-17.) Flip-flop 
D07 is set at the same time. 

S/D07 = D07SET DSL + . . . 

D07SET = BXO + ... 

I For the next 16 clock times, the contents of the P-register 
are shifted right (from POO toward P15) while new data is 
stored in POO. For 11 of the 16 clock times, the 1 1-bit 
track address is transmitted to the addressed selection unit. 

/SCl/= SC1D (Clock) 

ARK/ = Pll (Track address bits) 

Flip-flop D07 acts as the carry flip-flop for a serial addi- 
"\>n of one of the contents of the P-register. After the one 

*set in D07 is added to the least significant bit (PI 5) of 
the P-register, D07 remains in the set state if a carry is 
generated. 

I S/D07 = D07SET DSL + ... 

D07SET = D07 PI 5 

As the serial addition process continues, the incremented 
oddress is shifted into POO, and the more significant bits of 
the previous address are shiftea into PI 5. When no carry 
is generated, D07 is ieset and the bits of the previous ad- 
dress are shifted unchanged. 



s/roo 



P00SET 



= PXSk P00SET 

= (P00SE1EN + P15) 
N(PC0SETEN PI 5) 



P00SETEN = D07- NREADRWE + ... 

Therefore, as a track address is transmitted to the addressed 
selection unit, a new track address is generated and stored 
in the P-register. Just before flip-flop RWP is reset, the 
new track address and sector address are transferred to the 
T -register and the S-regisrer. 

TXP = STXPEN TDL100 

STXPEN = SXPEN RWP 



SXPEN = NPET + 



SXP 



= STXPEN TDL100 



Circuits of the P-register store a code of 1111 in flip-flops 
P12 through P15 if the code in the S-register is 1011. Thus, 
' when the address incrementation process takes place, the 
new sector address is 0000 and the track address is incre- 
mented in normal binary sequence. 



4-71 Checksum Generation 

The checksum is generated in the P-register during the 
execution of a write order, read order, or checkwrite order. 
In all cases, the 16 -bit checksum is transferred to the D- 
register one byte at a time after the 1024 bytes of the sector 
have been processed. For a write order, the checksum is 
written on the disc file in the sector for which the check- 
sum was generated. For a read order or checkwrite order, 
the checksum generated during execution of the order is 
compared bit-for-bit with ihe checksum read from the disc 
file. (See figure 4-20. ) 

After flip-flop PRE is set and RWP is reset (figure 4-18), 
the P-register is loaded with all ones. 

S/?00 = PRE NRWP + ... 

After the preamble has been written during execution of a 
write order or detected during execution of a read order or 
checkwrite order, PRE is reset and the process of generating 
the checksum begins. Because signal PRST is true, the con- 
tents of the P-register are continually shifted right (from 
POO toward PI 5) and new data is entered in POO. 



S/P00 



= PXSR P00SET + 



PXSR - PRST NPXS 



PRST = NRWP + 



During execution of a write order or checkwrite daer 
(NREADRWE true), P15 and D07 generate the new aata; 
during execution of a read order (RFADRWE true), P15 and 
DAR generate the new data. 



PC0SET 



(P00SETEN + P15) 
N(p00SETEN P15) 



P00SETEN - READRWE DAR 

+ NREADRWE D07 

READRWE = READ RWE 

In either case, an exclusive OR operation is performed on 
the content of the P-register and the new data, as indicated 
in figure 4-20, for execution of a write order or checkwrite 
order. Data bytes are stored in the D-register and read 
serially as data is circulated in the P-register. Ir< the 
example of figure 4-20, a byte of 1011 0010 in the D- 
register, when processed with the 1111 1111 initiciiy in 
the P -register, produces a byte of 0100 1101, which is 
stored in the P-register. The second data byte of the 
example, when processed with the 1111 1111 initially stored 
in the second half of the P-register, produces a byte of 
1010 1100. In a similar manner, after these bytes are pro- 
cessed with additional data bytes, the P-register contains 
(from PI 5 to POO) the bits 0000 1111 0101 1010, which will 
be processed with the next data bytes received. The 16 
bits stored in the P-register after 1024 data bytes are pro- 
cessed (including any bytes of all zeros) become the 
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checksum stored on the disc file. When data is read serially 
from the disc file at the output of flip-flop DAR, the check- 
sum generated should be identical to the checksum read from 
the disc file following the 1024 data bytes. The process is 
identical whether P00SETEN is controlled by D07 or DAR. 

4-72 ERROR CIRCUITS 

The error circuits of the controller consist of the flip-flops 
listed in table 4-5 and of the associated logic elements. 
These flip-flops and the signals controlled by them provide 
information to the IOP concerning error conditions that 
occur during execution of orders or as a result of power 
failure or from programming errors. Error signals are pro- 
vided during the order in service cycle of an input/output 
operation. Program response to these error conditions may 
cause data to be provided by execution of additional com- 
mands (TDV, AlO, TIO, HIO, or SIO), as summarized in 
4-5. 



4-73 Unusual End Logic 

Unusual end flip-flop UNE may be direct set during phase 
FS of any service cycle other than an order out service 
cycle. 



M/UNE = UNEM 

UNEM = CYCLE/C DCB NORDOUT PHFS 

(CER + UNEM1 + DRESET) 

UNEM1 = RER + SUN + WPV 

+ NFKI ORD0 PER REMPTY 
'+ NORD2 NORD3 NORD4 
+ ORDIN PER + ORD1 SENSE 
+ NDVOR 

DVOR = /DVO/ 

DRESET = PWRMONR 




PWRMONR = /PWRMON/ 



Direct set of/UNE takes place if error flip-flop CER, RER, 
^SUN, or WPV is set. Signal /DVO/ is controlled b/ the 
addressed selection unit and is true if the addressed device 
is not operational, as described in paragraph 4-104. Sig- 
nal /PWRMON/ is controlled by circuits which detect 
power failure, as described in paragraph 4-7. Of the 32 
possible order codes, eight are interpreted as seek orders 
(XXXli), eight as read orders (X XX10), four as write 
orders (X X001), and four as checkwrite orders (X X101). 



Table AS. Summary of Error Flip-Flop3 and Signals 



FLIP-FLOP 


FUNCTION 


IOP INTERFACE SIGNALS CONTROLLED 


TDV* 


TSH f 


Aio" 


Order In"* 


CER 
INL 
PER 
RER 

! 

SUN 

UNE 
WPV 


Checkwrite error 
Incorrfcc* length 
Parity error (checksum) 
Rate erro- 

Sector unavailable 

Unusual end 

Write protect violation 


/FRO/ 
/IOR/ 
/FR2/ 
/IOR/ 

/FR3/ 
/IOR/ 


/FR4/ 


- 

/DAO/ 
/IOR/ 
/DA2/ 
/IOR/ 

/DA3/ 
/IOR/ 


/DAO/ 
/DAI/ 
/DAO/ 
/DAO/ 

/DA4/ 


*/10R/ controlled by FAULT - RER + SUN + WPV 
*TSH = TIO + SIO + HIO 
1 **/DA0/ controlled by TER = CER + PER + RER 
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Of the remaining eight, four are illegal (X X000). Of the 
possible forms of the sense order (X X100), two are illegal 
(X 1100). Any one of the six illegal order codes causes 
UNE to be direct set. 

UNEM1 = NORD2 NORD3 NORD4 

+ ORD1 SENSE + ... 

SENSE = ORD2 NORD3 NORD4 

Parity error flip-flop PER, which can be set only during 
execution of a read order, causes UNE to be set for two 
different conditions. For a read record order (0 XXI 0), 
UNE is set during the order in service cycle, after a count 
done terminal order has indicated that the entire record has 
been read. 



UNEM1 



ORDIN PER + 



For a read sector order (1 XXI 0), UNE is set if an error 
occurs while data is read from any sector. End of sector is 
indicated by an empty K-register (NKFI true) and an empty 
FAM module (REMPTY true). 



UNEM1 



ORD0 PER NKFI REMPTY + 



If UNE is direct set for any reason, flip-flops (DATA, IN) 
will be placed in the (0, 1) state, as described in paragraph 
4-32, because signal DATASET will be false. 

NDATASET = UNE + ... 

Therefore, an order in service cycle will occur if UNE is 
set during any input/output operation. The order in service 
cycle is begun after phase FS is entered. Flip-flop UNE 
may be set by the IOP during terminal order operations, as 
described in paragraph 4-34. If UNE is set bv a terminal 
order, the sequence of operations is identical to that caused 
by a direct set signal. Or.ce set, UNE must be reset by 
either a RESET signal or a MANRST signal. 



R/UNE 
C/UNE 
E/UNE 



= RESET 
= NTCbOOO 
= MANRST 



MANRST = NPET RSTR 



RSTR 



/RST/ 



4-74 Parity Error Logic 

Parity error flip-flop PER can be set only during execution 
of a read order and then only while the checksum is being 
read from the addressed selection unit. The checksum read 
from the addressed selection unit through signal DAR is 
compared with the checksum generated in the P -register 



during execution of the read order and read from PI 5. If 
the two checksums are not identical, PER is set. 

S/PER = PEREN P00SET 

PEREN = READRWE POST NB08 
P00SET - (PO0SETEN +. P15) N(P00SETEN P15) 
' P00SETEN = READRWE DAR + . . . 

C/PER = RWCK 

Once set, PER causes UNE to be direct set and can be reset 
only by a RESET signal. 

R/PER = GND 

E/PER = RESET 

4-75 Write Protect Violation Logic 

Write protect violation flip-flop WPV is set if a write order 
is attempted on a write protected track. Track-protected 
signal /TRP/ is generated within the addressed selection 
unit as described in paragraph 4-106. 



S/WPV 



PRE WPVSET 



WPVSET '=-- WRITE TRPR 
TRPR = ARP/ 



C/WPV 



RWCK 



If WPV is set during the preamble time, it causes UNE to 
be air-Bet set and can be reset only by a RESE I signal. 

R/WPV = GND 

E/WPV = RESET 

4-76 Checkwrite Error Logic 

Checkwrite error flip-flop CER can be directset if an index 
pulse or sectoi pulse is received while RWE is set. This 
condition would occur if data strobesare missedduring exe- 
cutioi of a read order or checkwrite order. In that case, 
the B-counter value would be incorrect. 

M/CER = CERM 

CERM = RWE SECP 

SECP = IPR + SPR 

SPR = /SP/ 

IPR = /IP/ 
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Flip-flop CER is set during execution of a checkwrite order 
if the checksum bits read from the disc file through flip- 
flop DAR do not match the checksum bits generated during 
execution of the checkwrite order. The checksum bits are 
read from D07 after transfer from the P-register. An ex- 
clusive OR gate is enabled by signal CHWEREN to make 
the comparison. 



S/CER 


= CERSET 


CERSET 


= CHWER + ... 


CHWER 


= CHWEREN (DAR + 




N(DAR D07) 



D07) 



CHWEREN = CHWR NPOST NPRE RWE 



C/CER 



= RWCK 



^^wng execution of a read order or a checkwrite order, a 
^RTrch is conducted for the preamble synchronization pat- 
tern, as described in paragraph 4-56. If the preamble 
synchronization pattern is not detected, signal PSPM is 
true and CER is set. 

S/CER = CERSET 

CERSET = PSPM + ... 



PSPM 



PSPBREND NRWP BIT7RWE B09 



PSPBREND = PSPB REND 



PSPB 
REND 



C/CER 



= PRE RWE B07 B08 
= RCHW PAVE 
- RWCK 



jER is set, it remains in the .et state until signal RESET 
rue. Before RESET is true, CER causes UNE to be direct 
set. 

R/CER = GND 

E/CER = RESET 

4-77 Sector Unavailable Logic 

Sector unavailable flip-flop SUN maybe set in the preamble 
time interval during which PRE is set and RWE is reset. (See 
figure 4-18. ) 

S/SUN = PRENRWE SUNSET 

PRENRWE = PRE NRWE 

SUNSET = S00 $01 EXT + TOO + T01 
+ T02 NTYPOR 
+ T03 NTYPOR NTYP1R + ... 



R/SUN = GND 

C/SUN = RWCK 

This interval follows the transfer of the incremented address 
from the P-register to the T -register and S-register, as de- 
scribed in paragraph 4-70. Therefore, SUN is set if a sec- 
tor address stored in the S-register, or a track address stored 
in the T-register, represents a location which does not exist 
in the RAD storage unit. (Signals TYPOR, TYP1R, and EXT 
indicate the type of RAD storage unit, as described in para- 
graph 4-82. ) 

During execution of a seek order, the T-register is cleared 
and a new track address is stored. If the most significant 
bit of the new track address is a one, track overflow signal 
TOF comes true and is latched. 



TOF 



TXJ 



J00 TXJ + TOF TXO ■ + ... 
SEEK RWRITEDO BKZW TRS13C 



TXO = SXO 

NSXO = SEEK PHRS ORDOUT + ... 

Because a track address with a most significant bit of one 
is invalid for any RAD storage unit, a true TOF signal causes 
direct set of SUN during phase TO of the data out seivice 
cycle. 



M/SUN 



SUNM 



SUNM = NDATASET (PHTO TCSIO^ 3) 

(SEKSEND SUNSET) 

NDATASET = CDN + ... 

SEKSEND = SEEK NPHRSAOO + ... 

SUNSET = TOF + TOO + T01 
+ T02 NTYPOR 
+ T03 NTYPOR NTYP1R 
+ S00 SOI EXT 

Signal TOF becomes true and is latched if address incre- 
mentation causes the most significant bit of the track address 
to be true. 

TOF .= POO TXP + TOF TXO + ... 

TXP = TDL100 STXPEN 



A true TOF signal is not an error unless an attempt is made 
to read from, or to write into, the nonexistent addressed 
track. Therefore, for a sense order, a true TOF signal 
direct sets SUN to provide the unusual end data. The IOP 
is able to test for causes of unusual end. 
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M/SUN 



SUNM 



SUNM 

NDATASET (PHTO TCS100-3) 
(SEKSEND SUNSET) 



SEKSEND = SENSE NPHRSAOO + ... 

If SUN is set, it remains in the set state until signai RESET 
is true. Before RESET is true, SUN causes UNE to be direct 
set. 

E/SUN = RESET 

4-78 Rate Error Logic 

During execution of a write order or checkwrite order, data 
from the IOP must be provided in time for a transfer of data 
from the K-register to the D-register at the rate established 
by read/write clock signal RWCK. During execution of a 
read order, data must be accepted by the IOP before the 
FAM module is filled, and additional data must be stored 
in the FAM module at the rate established by read/write 
clock signal RWCK. Rate error flip-flop RER is set if either 
kind of rate is detectedc 

During execution of a read order, a rate error is detected 
if an attempt is made to transfer data from the D-register 
to the J-register (JXD true) when the FAM module is filled 
(NRKO true) and the IOP has not signalled count done 
(NCDN true). When ali these conditions exist simulta- 
neously, RER is direct set. 



M/RER 



RERM 



RERM = JXD NRKO NCDN 

During execution of a write order or a checkwrite order, a 
rate error is detected after the preamble has been written 
(NWPRE true) if an attempt is made to transfer data from 
the K-register to the D-^egister (DXK true) before the K- 
register has been filled (NKFICK true). 

S/RER = REREN RERSET 

REREN = DATA + JFI 

RERSET = NWPRE DXK NKFICK 

DXK = CHWR NPOST BIT7RWE NPRE 

+ WRITE NPOST BIT7RWE + ... 

CAER = RWCK 

When the K-register is filled from the FAM module, KFID 
comes true and is latched. Flip-flop KFICK is set by the 
following read/write clock and remains in the set state until 
the K-register is cleared following a K-register to D- 
register data transfer. 



KFID 

KXO (KFID + KFIDX1) 

KFI TRS270 

WCHW TDT2 + . . . 



S/KFICK 

KFID 

KFIDX1 

NKXO 

R/KFICK = ... 

C/KFICK = RWCK 

Therefore, if a K-register to D-register transfer is attempted 
when KFICK is in the reset state, the K-register contains no 
new data. 

A true JFI signal enables KFICK to set after the order in 
service cycle is in process. This signal is required for the 
multiple -byte interface, for which valid data may still be 
in the I-register after exif from the data out service cycle. 
(See paragraph 4-48. ) 

JFI = N(JFIRESET R WRITE -2 TRS180) (JFIX1 + ...) 

Once RER is set, it can bo reset only by signal RESET. Be- 
fore signal RESET is true, RER causes an unusual end condi- 
tion. 

R/RER = GND 

E/RER = RESET 

4,-79 Incorrect Length Logic 

Incorrect length flip-flop INL is set for any one of three 
conditions: 

a. The number of data bytes transferred during execu- 
tion of a read order, write order, or checkwr*>e order is not 
an integral multiple of 1024. 

b. The number of data bytes transferred during execu- 
tion of a seek order is not 2. 

c. The number of data bytes transferred during execu- 
tion of a sense order is not 3. 

Although these conditions are not necessarily 3rrors, the 
information that INL was set may be required by a program. 
Therefore, although UNE is not set, a signai is returned to 
the IOP through signal /DAl/ during the order in service 
cycle. 

/DAI/ = O01 

O01 = OXORDIN INL + ... 

Flip-flop INL is reset during any order out service cycle and 
is cleared following completion of any input/output operation. 
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R/lNL = ORDOUT 

C/INL = TCS100-3 

E/INL = NDCB 

Count done flip-flop CDN, which should be set after all 
data bytes have been transferred following execution of 
any order, controls signals related to setting flip-flop INL. 
During execution of a seek order or sense order, INL is set 
during the order in service cycle if CDN is not set. 



S/INL 



INLSET 



INLSET ORDIN 



INLEN SEKSEND + ... 



SEKSEND = SEEK NPHRSAOO 

+ SENSE NPHRSAOO 



INLEN 



= NCDN + 



During execution of a read order, INL is set during the 
order in service cycle if CDN is set and the K-register is 
still filled (KFI true). In this case, the byte transferred to 
the K-register is o byte of zeros which follows removal of 
all vaiid data bytes from the FAM module. 

S/INL - INLSET ORDIN 

INLSET = CDN READKFI + ... 

READ KFI = READ KFI 

During execution of a write order or checkwrite order, INL 
is direct set if an atiempt is made to transfer data from the 
K-register to the D-register (DXK l rue) after CDN has been 
set, the FAM module has been emptied (REMPTY true), and 
the preamble has been written (NVV'PRE true). These con- 

«>ns exist after the last data byJe has been stored in the 
gistei following the removal of all valid data bytes 
the FAM module and after a count done terminal order 
has been received from the IOP. 

M/INL = INLM 

INLM = CYCLER REMFTY CDN NWPRE 
DXK NKFID 

4-80 INTERFACE TYPE LOGIC 

4-81 Byte Width Logic 

The data path between the IOP and the EP RAD controller 
may be one, two, or four bytes wide. For any byte width, 
data bytes are exchanged on a one -byte interface during 
execution of seek orders and sense orders. During execu- 
tion of read orders, write orders, or checkwrite orders, 
data bytes may be transferred one, two, or four bytes at a 
time, depending on the states of signals /EDX2/and /EDX4/ 



from the IOP. (See figure 4-21. ) When the controller is 
service -connected (FSC true), signals /DX2/ and /DX4/ 
are sent to the IOP to indicate byte width, under control 
ofsignal WIDE which is true during execution of v/rite orders, 
read orders, and checkwrite orders (WRCH true). Signals 
BYT 1 ID, BYT2ID, and BYT4ID are used internally during 
data transfers to control operations of the O -register, I- 
register, and related registers. 

4-82 RAD Type Logic 

Signals /TYPO/and /TYPl/, which are accepted from the 
addressed RAD storage unit, indicate the storage capacity 
of the addressed RAD. For an EP RAD storage unit, both 
signals are rrue and signal EXT is true. 



EXT 



= TYPOR TYP1R 



TYPOR = AYPO/ 

TYP1R = AYP1/ 

Signal EXT controls operations within the controller. If 
EXT is true, read/write clock signal RWCK is nominally 
3 MHz; if EXT is false, read/write clock signal RWCK is 
nominally 1.5 MHz. (See paragraph 4-55. ) 

For an EP RAD storage unit, the B-counter counts 1024 
bytes per sector. (See paragraph 4-56.) For other types of 
RAD storage units, the B-counter is preset with a vcije of 
1 010 Oil 000 XXX (decimal 664) and counts 360 bytes per 
sector. 

S/B00 = PRE BX1MED + ... 

DX1MED = RWE NEXT 

S/B02 - PRE BX1MED + ... 

S/B'5 = PRE BX1MED + ... 

S/B06 = PRE BX1MED + ... 

For an EP RAD storage unit, there are 12 sectors per reso- 
lution; for other RAD storage units, there ere 16 secioiiper 
revolution. Therefore, signal LASTSECT is made true fore 
count of 1011, if EXT is true. 



LASTSECT 



= AN0R AN10TYP2 AN2R AN3R 



AN10TYP2 = AN1R+ EXT 

(Signal LASTSECT is used only by PET logic.) 

4-83 OFFLINE OPERATION 

Peripheral Equipment Tester Model 7901 (PET) can be used 
either to monitor operation of the EP RAD controller or to 
simulate IOP inputs to the EP RAD controller. In either 
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Figure 4-21. Byte Width Circuits, Logic Diagram 



case, the PET must be connected to the EP RAD controller 
through two cable connectors, as indicated in figure 7-5. 
When the PET is used to monitor operation of the controller, 
indicators on the PET panel read selected signals of the con- 
troller during online operation. When PET is used to sim- 
ulate IOP inputs, no RAD storage unit attached to the con- 
troller is accessible to the IOP. 

4-84 Online/Offline Control (See figure 4-22) 

The EP RAD controller is placed in the online state byset- 
ting the switch on the LT25 module (location C23 in figure 
7-5) to the 1 position. This action connects the PT18S 



signal to ground and energizes relays in the All 7 module 
(location C26 in figure 7-5). After these relays are ener- 
gized, signal NINI is connected to ground anJ signal INI 
is disconnected from ground and allowed to go liue. After 
signal INI is true, signal INC becomes true and signal NINC 
becomes false. 

When the switch is placed in the position, signal PT18S 
is open and two relays in the AT17 module are e'eenergized 
in sequence, causing signals INC and INI to go false in 
sequence and shortingsignal AVI tosignal AVQto complete 
the priority circuit to the next controller in sequence. When 
signal INI becomes false, the controller is effectively 
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Figure 4-22. Connecf-Disconnecf Tirr.ing Diagram 



disconnected from the IOP interface because signal INI 
grounds the following signals: AVOD, DCA, DORD, EDD, 
F ROD through FR7D, FSLD, HIPD, HPSD, ICD, IORD, O00 
through O07 # RSAR, RSD, NRSTR, and SCD. 

Signal NINI/ which is true, direct resets service connect 
flip-flop FSC. 

E/FSC = NINI + ... 

4-85 Reset Control (See figure 4-23) 

Control flip-flops of the EP RAD controller may be reset by 
manually-controlled signals or by computer-controlled sig- 
nals. The error flip-flops (CER, PER, RER, SUN, and WPV) 
and SCR are reset by a halt input/output signal (HIOU), 
whether the HIO is controlled by the computer program or 
by an offline test. These flip-flops are also reset by 



DCBSET ct the start of an input/output operation. At the 
end of an input/output operation, DCB is reset and causes 
one group of flip-fops to be reset. Computer-controlled 
signal RSTR, which can also be generated at a pushbutton 
on the computer control panel, generates a true MANRST 
signal. This signal resets the error flip-flops, flip-flop SCR, 
and a group of flip-flops that includes DCB. Therefore, 
signal RSTR resets all control flip-flops of the EP RAD con- 
troller. Signal MANRST is also controlled by the FET 
through PET reset signal RSTP. When the EP RAD control- 
ler is operating offline (PET irue), MANRST is true when- 
ever RSTP is true. 

4-86 PET Operations 

When the PET is connected to the controller, the signals 
listed in fable 4-6 are available ai the PET connectors. If 
the PET is used to monitor online operation of the controller, 
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Table 4-6. PET Interface Control Signals 



Signal 


Source 


Description 


ALTP 


32A-21 


Alternate order control 


CNTRCLKP 


30A-14 


Clock signal to the PET internal counter 


DP00 


30A-8 


•> 




DP01 


30A-7 






DP02 


30A-6 






DP03 


30A-5 






DP04 


30A-4 




► Simulated data byte stored in the J -register 


DP05 


30A-3 






DP06 


30A-2 






DP07 


30A-1 


j 




ERSTOP 


32 A -20 


Error slop signal that enables h~lt if error is detected 


FSPS 


32A-39 


Function strobe simulation 


HIOP 


32A-26 


Halt input/output function indicator simulation 


INDUP 


32A-19 


Indicator signal control 


IOP 


32 A -36 


Online/offline control 


ORDF1 


32A-22 


Order bit \ simulation 


ORDP2 


32 A -23 


Order bit 2 simulation 


ORDP3 


32A-24 


Order bit 3 simulation 


ORDP4 


32 A -25 


Order bit 4 simulation 


REPEAT 


32A-42 


Continuous cycle control 


RSTP 


32 A -40 


Reset signal simulation 


SGLPH 


32A-18 


Single-phase operation control 


SGLPHCK 


32A-43 


Singie-phase operation clock 


SGLTRKP 


32A-41 


Single-track operation control 


SIOP 


32A-29 


Start input/output function indicator simulation 


TOVP 


32A-27 


Test device function indicator simulation 


TIOP 


32A-28 


Test input/output function indicator simulation 



(Continued) 
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Table 4-6. PET Interface Control Signals (Cont. ) 



Signal 


Source 


Description 


TRKRST 


30A-15 


True when PET internal counter equals counter reset 
switch settings of PET panel 


UASO 


30A-12 


Storage unit address bit simulation 


UAS1 


30A-11 


Storage unit address bit I simulation 


UAS2 


30A-10 


Storage unit address bit 2 simulation 



signal IOP is true and signal INDUP, controlled from the 
PET panel, causes the signals listed in table 4-7 to be read. 
If the PET is used to control offline operation, signal IOP 
is false and signal PET is true, uniess the PET reset signal 
RSTP is generated io reset the controller. 

Signals DP00 through DP07 simulate data bytes and provide 
inputs to the J -register dur«ng data out service cycles 
(DATAOUT true). 



J 00 



DP00 JXDP + 



JXDP = DATAC'JT RWRITE-2 TRS060 PET 
J01 " = DP01 JXDP + ... 



J07 



DP07 JXDP + 



These signals replace IOP data for simulated ./rite orders, 
checkwrite orders, and seek orders. For simulated sense 
orders and read orders, dak is accepted from the disc file 
similar to online operation. 

Signals ORDP1 through ORDP4 simulate bits of the order 
code and are accepted by the order register under control 
of alternate order signal AlTP and the alternate order cir- 
cuits. 

Signal UASO through UAS2 simulate storage unit address 
bits and are accepted by the U-register af the start of a 
simulated input/output operation. 

SUOD = UASO PET + ... 

SU1D = UAS2 PET + ... 

(C/U0-C/U2) = DCSSET 

Signals HIOU, TIOU, TDVU, and SIOU can be controlled 
by signals HIOP, TIOP, TDVP, and SIOP to simulate com- 
mands from the IOP. The simulated function strobe signal 
from the PET is used to conirol operations. 



HIOU 

FNTP 

NPHFSCYC 
TIOU 

TDVU 

SIOU 



= FNTP HIOP 
+ HIOU NPHFSCYC + 

= FSP PET 

= N(CYCLE/C PHFS) 

= FNTP TIOP 

+ TIOU NPHFSCYC + 

= FNTP TDVP 

+ TDVU NPHFSCYC + 

= FNTP SIOP 

+ SIOU NPHFSCYC + 



4-87 IOP SIMULATION . When the PET simulates IOP 
signals, the controller responds as if the IOP were providing 
the inputs. Inputs from the PET start the TCL delay line. 
(See figure 4-24. ) Other operations follow ir. .iormal se- 
quence, as described in paragraph 4-20. 

When signal PET is true, device controller address signal 
DC.AU is true to simulate a match of controller oddress and 
IOP address signals. 

DCAU = PET + ... 

The function strobe which starts execution of orders is con- 
trolled through signal FSU; the request strobe acknowledge 
signal from the IOP is simulated through signa 1 RSAU; ser- 
vice connection is controlled through signal FSCU by ser- 
vice call flip-flop SCN. Function strobe signa 1 FSU can 
be controlled by a pushbutton on the PET panel through 
signal FSPSor by a combination of PET signals and controller 
signals. 



FSU 



FSP 



PET NPHFSL (SCN + FSP) 



FSPS + 



The function strobe is inhibited while the phase control 
logi<_ is in phase FSL since signai NPHFSL becomes false. 
Additional service calls depend on the state of service call 
flip-flop SCN, which is controlled through signal CDNPET. 

CDNPET = PET LASTSECT POSTB89 (TRKRST 
+ SGLTRK) (EXT + ...) 
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Table 4-7. PET Interface Indication Signals 




SIGNAL 


SOURCE 


DATA 


If INDUP true 


if INDUP false 


IND01 


19A-02 


DCB 


DCB 


IND02 


19A-01 


READ 


CIL 


IND03 


19A-39 


WRITE 


DVOR 


IND04 


19A-42 


CHWR 


RER 


IND05 


25A-42 


UNE 


PER 


IND06 


25A-39 


TOO 


CER 


IND07 


25A-01 


T01 


WPV 


IND08 


25A-02 


T02 


SUN 


IND09 


25A-07 


T03 


DATA 


. IND10 


25A-09 


T04 


IN 


indii 


25 A -46 


T05 


PHTO 


IND12 


25 A -21 


T06 


PHRSA 


IND13 


25A-14 


T07 


PHRS 


IND14 


25A-12 


TOS 


PHFSL 


INQ15 


25 A -27 


T09 


PHFSZ 


IND16 


25 A -26 


T10 


PHFS 



VMien the service call line is rai c ed by SCN, the data in 

•i signals DP00 through DP07 nre accepted for data out 
/ice cycles. For either data out or data in service 
cycles, request strobe acknowledge signal RSAU is simu- 
lated by signal RSAUEN. 

RSAU = PET (BYT1ID + NJFI + NDATAOUT) 

4-88 SINGLE PHASE MODE . The phase flip-flops de- 
scribed in paragraph 4-22 can be cycled through normal 
phase sequences one phase at a time if signal SGLPH is 
true. (See figure 4-24.) In this case, signal CYCLE/C, 
which controls start of the TCL delay line, is controlled 
through signal CYCEN (refer to paragraph 4-21 for a 
description of TCL delay line operation). Single phase 
enable flip-flop SPE is direct set whenever a TCL delay 
line cycle occurs. If signal SGLPM is true, CYCLE/C is 
inhibited by a false CYCEN signal until SPE is reset. There- 
fore, the TCL delay line cannot be started until SPE is reset. 
A true single phase clock signal SGLPHCK is generated by 
a PET panel pushbutton. As this signal goes false, SPE is 



reset and CYCLE/C is enabled. In this manner, the r hases 
associated with any IOP command or any service cvcle can 
be enabled one at a time. 

4-89 ALT ERNATE ORDERS MODE, i he PET can cause the 
controller io either execute the order encoded by signals 
ORDP1 through ORDP4 or alternate execution of that order 
with execution of a write order. For execution of the order 
encoded in signals ORDP1 through ORDP4, signal AL'I D is 
false and the PET order code is stored during phase R5A of 
the order out service cycle as for online operation. 

M/ORD0 = ORDXPET 



ORDXPET = PHRSAOO PET TCS000-3 



ORD1 



ORDP1 ORDXPET + 



ORD2 = ORDP2A ORDXPET + 

ORDP2A = ORDP2 ALTORD 
ALTORD = NALTP + ... 
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Figure 4-24. PET Interface Circuits, Simplified Logic Diagram (Sheet 1 of 2) 
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Figure 4-24. PET Interface Circuits. Simplified Logic Diagram (Sheet 2 of 2) 
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Paragraphs 4-90 to 4-92 



ORD3 = ORDP3A ORDXPET + ... 

ORDP3A = ORDP3 ALTORD 
ORD4 = ORDP4A ORDXPET + ... 

ORDP4A = N(ALTORD NORDP4) 

NORDP4 = N(ORDP4 PET) 

For the alternate order mode of operation, signal ALTP is 
true and the PET order code is stored only when flip-flop 
ALTP is set. 

ALTORD = ALT + ... 

When ALT is in the reset state, a write order (1 X001 ) is 
stored. Flip-flop ALT changes state each time alternate 
order clock signal ALTCK goes false. 

S/ALT = NALT 

R/ALT 

C/ALT = ALTCK 

Clock signal ALTCK is true during phase RSA of each 
order in service cycle if PET panel signal TRKRST is true. 



ALTCK 



= ALTCKEN ALTP + 



ALTCKEN = CtfDIN PHRSA TRKRST 

Signal TRKRST is true when the PET infernal counter state 
mcijhes the track address and the sector address switch 
settings on the PET panel. Therefore, after each input/ 
output operation, ALT changes state and alternates a write 
order with the order encoded on the PET panel switches 
after all data has been processed. 

When signal ALTP is false, ALT is set by the first index 
pulse and remains in the set state. 

ALTCK = NALTP IPR + ... 

4-90 COUNT DONE SIMULATION . The address at which 
an input/output operation begins is established by a single 
phase seek order, during which a track address and a sector 
address are loaded. A read order, write order, or check- 
write order is terminated ur-der control of signal TRKRST, 
which is generated by a counter in the controller. 

CDNPET = LASTSECT PET POSTB89 (TRKRST 
+ . . . ) (EXT + . . . ) 

Signal TRKRST is true when the state of a PET counter 
matches a value set in PET panel switches. The counter is 
incremented by signal CNTRCLKP, which is sent to the PET. 



NCNTRCLKP = LASTSECT RWE RWP NSGLTRK 
+ ORDXPET TRKRST 

Thus, the counter is incremented as the last sector of a track 
is processed and is cleared when a new order is stored after 
TRKRST is true. 

4-91 S INGLE TRACK MO DE. When the PET commands 
the single track mode of operation, an order is executed 
continually on a 12-sector track. For this mode of opera- 
tion, the sequence of events which cause incrementation 
of the track address must be inhibited, but incrementation 
of the sector address must be allowed. (See paragraph 4-70.) 
Incrementation of the S-register is enabled through D07SET, 
as in normal operation, but incrementation of the T-register 
is inhibited by a true SGLTRKP signal. 



ND07SET 



Bll B12 SGLTRK NBXO 
+ ND7P15 NBXO 



SGLTRK = SGLTRKP PET 

That :s, after four bits have been processed (Bl I, B12), the 
incrementing process is inhibited by forcing D07SET false. 

Signal SXPEN, which enables a transfer of data from the 
P-regisfer to the T-register and S-register, is inhibited by 
signal SGLTRK. (See figure 4-24.) 

A count done signal is generated each time the i^t sector 
is detected. 

CDNPET = LASTSECT PET POSTB39 (SG'.TRK +...) 

Signal PRESET is inhibited if a write order is beir.^ executed 
so that writing is not allowed or alternate revolutions, 
thereby meeting read/write head duty cycle specifications. 

PRESET - RWP NB11 BIO B09 B06 

N(ALTVP2 PET SGLTRK WRITER 

4-92 ERROR STOP MODE . When signal REPEAT from the 
PET is true, the command chaining signal is tru^, causing 
repetition of the order set into PET switches. 

CCH = N(IOP DA3R) (REPEAT PET + . . . ) 

The function strobe is genetated under control of signal 
ERSTOP from the PET. (See figure 4-24.) After the first 
function strobe is generated by a true FSPS sigi.cl, no func- 
tion strobe is needed to continue service cycle?, provided 
no unusual end occurs. 

FSU - PET NPHFSL (REPEAT NDCB UNE NERSTOP 
+ FSPS) 

If signal ERSTOP from the PET is false, signal NERSTOP is 
true and an unusual end generates a new function strobe. 
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If signal ERSTOP from the PET is true, signal NERSTOP is 
false. When an unusual end occurs, DCB is reset as for 
online operation, and lack of a function strobe causes op- 
eration to stop. (The track address has been incremented.) 

4-93 PHASE SEQUENCE CHARTS 

The phase sequence charts describe the operation of the 
; controller for normal oniine response to signals from the 
IOP. The emphasis is on the phase control circuits de- 
scribed in detail in paragraphs 4-20 through 4-35. Infor- 
mation is exchanged between the IOP and the controller as 
these circuits cycle through a sequence of six phases (FS, 
FSL, FSZ, RS, RSA, and TO), each of which is defined by 
a flip-flop. 

At certain times during a sequence of the phase control 
circuit operations,signals are required from circuits asyn- 
chronous with the phase controi circuits. The three asyn- 
Ironous timing circuits of the controller are: 

a. The TCL delay line, which controls transfer of in- 
formation between the IOP and the controller 

b. The TRL delay line, which controls transfer ofdata 
bytes to and from the FAM module 

c. The TDT delay line, which controls transfer ofdata 
between the controller und the addressed storage unit 

Data passing between the IOP and the adaressed storage 
unit is controlled by all three timing circuits during the 
transfer process. Therefore, although details of operation 
of asynchronous circuits are not defined in the phase se- 
quence charts, their relation to the operation of the phase 
control circuits cannot be ignored. Signals originating 
outside the phase control circuits, either in the IO D or in 
asynchronous circuits of the controller, are identified in 
e phase sequence charts. 






or normal online operation, the controller is initially in 
the ready automatic state. When in this state, the con- 
troller responds to any IOP command (AIO HIO, SIO, 
TIO, or TDV) by passing through phases FS, FSZ, and FSL, 
and then returning io phase FS. If the command is an SIO 
and if the SIO is accepted, the controller enters the busy 
automatic state and remains in this state until completion 
of one or more input/output operations or. until an error 
occurs. Upon entering the busy automatic state, the con- 
troller requests an order out service cycle, during which 
the controller stores the order transmitted from the IOP. 
After the order is stored, the controller will request a 
sequence of data out service cycles or a sequence of data 
in service cycles, If no error occurs during these service 
cycles, a signal from the IOP indicates a count done after 
all data has been transferred, after which the controller 
'•' requests an order in service cycle. During the order in 
service cycle, information is sent to the IOP. Following 
the order in service cycle, the controller may return to 



the ready automatic state or may start a new order in ser- 
vice cycle, as determined by terminal order information. 

Each of the four service cycles (order out, data out, data 
in, and order in) is identified by the states of two flip-flops. 
For any service cycle, the controller passes through phases 
FS, FSZ, and FSL, followed by some sequence of phases RS 
and RSA, followed by phase TO. During any TO phase, 
the controller may receive information from the IOP which 
indicates than an interrupt has occurred, that all data has 
been transferred, or that the IOP has commanded an unusual 
end. If an error is detected by circuits of the controller, 
an order in service cycle will be requested during the next 
TO phase in sequence. During phase TO of an order in 
service cycle, the controller may receive a command chain- 
ing signal. This signal causes the controller to start a new 
order out service cycle, rather than return to the ready 
automatic state. 

Therefore, operation of the controller consists of passing 
from the ready automatic state to the busy automatic state 
in response to IOP signals, processing data, and returning 
to the ready automatic state. For execution of seek orders, 
write orders, and checkwrite orders, data is transferred from 
the IOP in a succession of data out service cycle:;. For 
execution of sense orders or read orders, data is transferred 
to the IOP in a succession of data in service cycles. Each 
complete input/output operation begins with an order out 
service cyie and ends with an order in service cycie. 

4-94 >CP Command Sequences 

In response to an IOP command, the controller provides 
informcMon on function re r -onse lines /FRO/ thro uyh /FR7/ 
and or. oaia or order lines /DOR/ and /IOR. The infor- 
mation provided and the operations which take place within 
the controller depend upon the type of IOP commend, as 
indicated in tables 4-8 through 4-12. 

4-95 Order Qui Sequence 

Each input/output operation begins with an order out ser- 
vice cycle. An order cut service cycle follows an accepted 
SIO command or an order in service cycle during which a 
command chaining signal isaccepted from the IOP. During 
an order cut service cycle, an order is read from IOP data 
lines /UA3/ through /DA7/and stored in the order register 
(ORD0 through ORD4), as indicated in table 4-13. If the 
order indicates seek, write, or checkwrite, subsequent ser- 
vice cycies will be data out service cycles; if the order is 
sense or read, subsequent service cycles will be data in 
service cycles. Thus, order out service cycles nor7ially 
begin with the (DATA, IN) flip-flops in state (0, 0) and 
end with these flip-flops in state (1, 0) or (1, 1). If the 
order is one of the illegal codes or if it is a write order 
which addresses a write -protected track, an error will be 
detected. The (DATA, IN) flip-flops will be placed in 
the (0, 1) state, and the error will be reported during the 
order in service cycle which follows. 
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Table 4-8. AIO Command, Phase Sequence Chart 



Phase 


Function Performed 


Signals Involved 


Comments 


Interrupt 
Pending 


Raise interrupt call line ICD 
when CIL set 


ICD 
LIL 


= LIL 

= NAIOR CIL INC 

+ AIOR INI LIL NRSTR 


CIL set by terminal order 
and remains in set state 
until AIO response re- 
ceived from IOP 


FS 


Enable TCL delay line 


DCL 

CYCLE/C 
DCLSTART1 
AIOC 
AIOM 


= CYCLE/C DCLSTART1 

4- 

- IOP CYCSET + . . . 
= FSU PHFS AIOC + ... 
= AIOM AIOR AVIR + ... 
= NHPIL LIL + ... 


CYCSET latched true. 
Delay line input when 
AIOR signal received 
from IOP (only for de- 
vice controller with 
LIL true) 




Reset CIL 


R/CIL 

CILRST 
C/CIL 


= CILRST 

= AIOC + ... 

= NTCSOOO 






Set NPHFS 


S/NPHFS 
C/NPHFS 


- T'HFS 

= TCS100-3 


End phase FS 




Sei PHFSZ 


S/PHFSZ 
C/PHFSZ 


= PHFS 

= rcsioo-3 


Enter phase FSZ 


FSZ 


Enable TCL a lay line 


DCL 


= CYCLE/C PHFSZ + ... 






Reset PHFSZ 


R/PHFSZ 
C/PHFSZ 


= TCS 100-3 


End phase FSZ 






S/PHFSL 


= PHFSZ 


Enter phase FSL 






C/PHFSL 


= TCS 100-3 


OPER may be Sot, but 
no significance for AIO 


FSL 


Enable TCL dalay line 


DCL 

DCLSTART3 


=■ CYCLE/C DCLSTART3 
= NFSU PHFSL+ ... 


TCL delay line enabled 
when function strobe 
false 




Enable function response 
signals 


FROD 


= BSYC SWA.O + ... 


(FR0D-FR3D) contain 
device controller ad- 
dress 



(Continued) 
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Figure 4-8. AIO Command, Phase Sequence Chart (Cont.) 



Phase 


Function Performed 


S 


ignals Involved 


Comments 


FSL 
(Cont. ) 




BSYC 

FR1D 
FR2D 
FR3D 


= AVIR AIOR AIOM PHFSL-1 

+ . . . 

= BSYC SWAT + ... 
= BSYC SWA2 + ... 
= BSYC SWA3 + ... 








FR4D 


= BSYC GND + ... 


FR4D always false 






FR5D 


= BSYC UC + ... 


(FR5D-FR7D) contain 
device address 






FR6D 


= BSYC Ul + ... 








FR7D 


-BSYC U2 + ... 






Enable status signals 


DAO 


= OOO + ... 


RER, SUN, WPV 






OOO 


= OXAIOST RER + ... 


indicate cause of 
interrupt 






OXAIOST 


= AIOC FSU 








DA2 


= O02 + ... 








O02 


= OXAIOST SUN + ... 








DA3 


= C03 ■:• ... 








O03 


= OXAIOST WPV + ... 






Enable condition cod'' 
signals (IORD, DORD) 


IORD 

IORDEN 

NIORDEN1 

NFAULT 


= PHFSL fORDEN + ... 
= NIORDEN1 + ... 
= AIOC NFAULT + ... 
= NRER NSUN NWPV 


IORD true if all status 
signals false. Defines 
normal I/O interrup!" 






DORD 


= DORDEN PHFSL + ... 


DORD always true 






DORDEN 


= AIOC + ... 






Reset PHFSL 


R/PHFSL 
C/PHFSL 


= TCS 100-3 


End phase FSL 




Reset NPHFS 


R/NPHFS 
PHFSET 
FSCU 


= PHFSET 

= NFSCU PHFSL-1 

- FSC IOP + ... 


Enter phase FS (service 
connect flip-fiop FSC 
not in set state) 






C/NPHFS 


= TCS! 00-3 
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Table 4-9 


K HIO Command, 


Phase Sequence Chart 




Phase 


Function Performed 


Sign 


als Involved 


Comments 


FS 


CPU processes HIO instruction, 
and IOP generates true HIOR 
function indicator signal and 
true FSR function strobe 










Enable TCL delay line 


DCL 


= CYCLE/C DCLSTART 1 
+ ... 








CYCLE/C 
DCLSTART) 


= CYCSET IOP + ... 

= FSU PHFS TTSHU DCAU 
+ ... 


CYCSET latched true. 
IOP true unless DC 
is offline 






FSU 


= FSR IOP + ... 








TTSHU 


= TTSH IOP + ... 








TTSH 


= HIOR + ... 








DCAU 


= DCA IOP + ... 


DCA true if (SV/AC- 
SWA3) matches (DACR- 
DA3R) 




Reset 


R/OPER 
C/OPER 


= PHFS 
= NTCS080 


Prepore to sample sig- 
nal DVTR du"lng phase 
FSZ 




Set NPHFS 


S/NPHFS 
C/NPHFS 


- PHFS 

= TCS100-3 


End phase FS 




Set PHFSZ 


S/PHFSZ 
C/PHFSZ 


= PHFS 

= "CS 100-3 


Enter phase FSZ 


FSZ 


Enable TCL delay line 


DCL 


= CrCLE/C PHFSZ + ... 






Sample DVTR signal from 
addressed selection unit 


S/OPER 

OPERSET 
C/OPER 


= DVTR OPERSET 
= TT^HU PHFSZ 
= NTCS080 


Set OPER if DVTR true, 
indicating RAD is op- 
erating 




Reset PHFSZ 


R/PHFSZ 
C/PHFSZ 


= TCS1C0-3 


End phase FSZ 




Set PHFSL 


S/PHFSL 
C/PHFSL 


= PHFSZ 
= TC SI 00-3 


Enter phase FSL 


FSL 


Enable TCL delay line 


DCL 


= CYCLE/C DCLSTART3 
+ ... 


TCL delay line enabled 
at end of function strobe 



(Continued) 
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Figure 4-9. HIO Command, Phase Sequence Chart (Cont. ) 



Phase 


Function Performed 


Signals Involved 


Comments 


FSL 
(Cont. ) 


Enable function response 
signals 


FROD 

BFSD 


= BFSD TSH CIL + ... 
= FSLD 


FROD true if interrupt 
pending (CIL) 




FR1D FR2D 


FSLD 


= TTSH DCA PHFSL-1 






Device ready 


PHFSL-1 


=• PHFSL 






1 1 Device busy 


FR1D 


= BFSD TSH DVBSY + ... 






1 Device not 
operational 


DVBSY 
FR2D 


= DCB DVSEL 

= BFSD TSH STSH02 + . . . 


DVSEL true if (U0-U2) 
matches (DA5R-DA7R), 
indicating device 
selected 






STSH02 


= DVBSY + NOPER 








FR3D 


= BFSD TSH DVTR + . . . 


Device test (DVT) 




FR5D FR6D 


FR4D 


= BFSD TSH UNE + ... 


Unusual end (UNE) 




Device con- 

troller ready 

1 1 Device con- 

trol hr busy 


FR5D 
FR6D 
FR7D 


= BFSD TSH DCB + ... 
= BFSD TSH DCB + ... 
= BFSD TSH GND + ... 


FR7D always false 




Enable condition code 
signals (IORD, DORD) 


IORD 

IORDEN 
NIORDEN1 


= IORDEN PHFSL + ... 
= NIORDEN1 + ... 
= NDVBSY HIOU + ... 


IORD true if addressed 
device is not busy 
(NDVBSY) 






DORD 


= DORDEN PHFSL + ... 


DORD true if addressed 


- 




DORDEN 


= OPER + ... 


device is operating 
(OPER) 




Clear flip-flops CER, PER, 
RER, SCR, SUN, and WPV 


E/CER 
RESET 

HIOU 
E/PER 
E/RER 
E/SCR 
E/SUN 


= RESET 

= DVSEL HIOU PHFSL 
+ ... 

= HIOR IOP + ... 

= RESET 

= RESET 

= RESET 

= RESET 


DVSEL true if (U0 U2) 
matches (DA5R-DA7R; 




Reset DCB 

-i.i 


E/WPV 


= RESET 
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Table 4-9. HIO Command/ Phase Sequence Chart (Cont. ) 



Phase 


Function Performed 


Signals 


Involved 


Comments 


FSL 


Reset DCB 


R/DCB 


DCBRST 




(Cont. ) 




DCBRST = 


RESET + ... 








C/DCB 


NTCS080 


• 




Clear flip-flops DCE, BKO, 






Flip-flops are direct 




BK1, DAR, DATA, DSE, 






reset by equation of 




DSL, EDISET3, IN, INL, 






form EAXXX = NDCB 




ORD0, PHRS, PHRSA, 










PHTO, PRE, RWE, RWP, 










SCN, SEN, TSE 










Reset PHFSL 


R/PHFSL 
C/PHFSL 


TCS 100-3 


End phase FSL 






R/NPHFS 


PHFSET 


Enter phase FS (flip- 
flop FSC can be set 






PHFSET = 


NFSCU PHFSL-1 


only by SIO command) 






FSCU = 


FSC IOP + ... 








C/NPHFS 


TCS100-2 

- — - 





Table 4-10. SIO Command, Phase Sequence Chart 



Phc 



FS 



Function Performed 



CPU processes SIO 
instruction, and IOP 
generates tree func- 
tion indicator signal 
SIOR and function 
strobe signai FSR_£> 

Enable TCL delay line 



Reset OPER 



Signals Involved 



-ZT 



lie it 



DCL 


= CYCLE/C DCLSTART1 
+ ... 


CYCLE/C 


= CYCSET IOP + ... 


DCLSTART1 


= FSU PHFS TTSHU DCAU 
* ... 


FSU 


= FSR IOP + . . . 


DCAU 


- DCA IOP + ... 


TTSHU 


= TTSH IOP + ... 


TTSH 


- SIOR + ... 


R/OPER 


= PHFS 


C/OPER 


= NTCS080 


(Continued) 



Comments 



CYCSET latched true. 
DCA true if (SWA0- 
SWA3) matches (DA0R- 
DA3R). IOP true un- 
less DC is offline 



Prepare to scmple 
signal DVTR during 
phase FSZ 
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Table 4-10 


. SIO Command, 


Phase Sequence Chart (Cont.) 




Phase 


Function Performed 


S 


ignals Involved 


Comments 


FS 
(Cont. ) 


Set NPHFS 


S/NPHFS 
C/NPHFS 


= PHFS 
= TCS 100-3 


End phase FS 




Set PHFSZ 


S/PHFSZ 
C/PHFSZ 


= PHFS 
= TCS 100-3 


Enter phase FSZ 


FSZ 


Enable TCL delay line 


DCL 


= CYCLE/C PHFSZ 
+ ... 




I 


Sample DVTR signal from 
selection unit 


S/OPER 

OPERSET 
C/OPER 


= DVTR OPERSET 
= TTSHU PHFSZ 
= NTCS03C 


Set OPER if DVTR true, 
indicating RAD is op- 
erating 




Reset PHFSZ 


R/PHFSZ 


= 


End phase FSZ 






C/PHFSZ 


= TCS i 00-3 






Set PHFSL 


S/PHFSL 
C/PHFSL 


= PHFSZ 
= TCS100-3 


Enter phase FSL 




Enable TCL delay Sine 


DCL - CYCLE/C DCLSTART3 
+ . . . 

DCLSTART3 = PHFSL NFSU + ... 


TCL delay line encMed 
at end of function suobe 
FSR 


FSL 


Enable function re-ponse 
signals 


FROD 

BFSD 


= BFSD TSH CIL + ... 
= FSLD 


FROD true if interrupt 
pending (CIL) 






FSLD 

TTSH 
TSH 


= TTSH DCA PHFSL-1 
+ . . . 

= SIOR v ... 

= DCA (SIOR + ...) 






FR1D FR2D 


FR1D 


= BFSD TSH DVBSY 






Device ready 




+ . .. 






1 1 Device busy 

1 Device not 
operational 


DVBSY 
FR2D 


= DCB DVSEL 

= BFSD TSH STSH02 
+ ... 




'l 




STSH02 


= DVBSY + NOPER 





(Continued) 
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Table 4-10. 


SIO Command, Phase Sequence Chart (Cont. ) 




Phase 


Function Performed 


Signals Involved 


Comments 


FSL 
(Cont. ) 


FR5D FR6D 


FR3D = BFSD TSH DVTR 
FR4D = BFSD TSH UNE + ... 
FR5D = BFSD TSH DCB + ... 


FR3D true if device 
test (DVTR) true; 
FR4D true if unusual 
end (UNE) true 




Device con- 
troller ready 


FR6D = BFSD TSH DCB + ... 
FR7D = BFSD TSH GND + ... 


FR7D always false 




1 ] Device con- 
troller busy 








Enable condition code 
signals (IORD, DORD) 


IORD = PHFSL IORDEN + ... 




1 


IORD DORD 


IORDEN = DCBSET + ... 






C Not operational 

1 Interrupt pending 
or busy 


DCBSET = OPER SIOPOSS PHFSL 
SIOPOSS = NC1L NDCB SIOU 
DORD = PHFSL DORDEN + ... 






1 1 SIO accepted 


DORDEN = OPER + ... 






If SIO accepted, set DCB 


S/DCB = DCBSET 
C/DCB = NTCS080 






If DCBSET, clear flip-flops 
CER, PER, REK r SCR, SUN, 
and WPV 


E/CER = REScT 

RESET - DCBSET + ... 
E/PER = RESET 
E/RER = RESiT 
E/SCR = RESET 
E/SUN = RESET 
E/WPV = RESET 






If DCBSET, jfcre device 
address in (U0-U2) at end 
of phase FSL 


S/UO = SUOD 

SUOD - DA5R IOP + ... 
SU1. = SU1D 

SU1D = DA6R IOP + ... 
S/U2 = DA7R IOP + ... 


Device address retained 
in (U0-U2) during I/O 
operation 






(C/U0-C/U2) == DCBSET 





(Continued) 
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Table 4-10. 


SIO Command, Phase Sequence Chart (Cont. ) 




Phase 


Function Performed 


Signals Involved 


Comments 


FSL 
(Cont. ) 


Reset PHFSL 




R/PHFSL = ... 

C/PHFSL = TCS 100-3 


End phase FSL 




Reset NPHFS 


- 


R/NPHFS = PHFSET 

PHFSET = NFSCU PHFSL-1 + ... 
C/NPHFS = TCS100-3 


Enter phase FS 





Table 4 


-11. TDV Command, Phase Sequence Chart 




Phase 


Function Performed 


Signals Involved 


Comments 


FS 


CPU processes TDV instruction, 
and IOP generates true TDVR 
function indicatoi signal and 
true FSR function strobe. 








Enable TCL delay Hue 


DCL = CYCLF./C DCLSTART1 
+ ... 

CYCLE/C - CYCSET IOP + ... 

DCLSTART1 = FSU PHrS TTSHU DCAU 
+ ... 

FSU = FSR ICP + ... 

DCAU = DCA IOP + ... 

TTSHU = IOP TTSH + ... 

TTSH = TDVR + ... 


CYCSET latched hue. 
IOP true unless DC is 
offline. DCA true if 
(SWA0-SWA3) mctcr.es 
(DA0R-DA3R) 




Reset OPER 


R/OPER = PHFS 
C/OPER = NTCS030 


Prepare to sample signal 
DVTR during phase FSZ 




Set NPHFS 


S/NPHFS = PHFS 
C/NPHFS = TCS 100-3 


End phase FS 




Set PHFSZ 


S/PHFSZ = PHFS 
C/PHFSZ = TCS 100-3 


Enter phase FSZ 


FSZ 


Enable TCL delay line 


DCL - CYCLE/C PHFSZ + ... 






Sample DVTR signal from 
selection unit 


S/OPER = DVTR OPERSET 
OPERSET = TTSHU PHFSZ 


Set OPER if DVTR true, 
indicating RAD is op- 
erating 



(Continued) 
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Table 4-11. 


TDV Command, Phase Sequence Chart (Cont. ) 




Phase 


Function Performed 


Signals Involved 


Comments 


FSZ 
(Cont. ) 


Reset PHFSZ 


C/OPER 

R/PHFSZ 

C/FHFSZ 


= NTCS080 
= TCS 100-3 


End phase FSZ 




Set PHFSL 


S/PHFSL 
C/PHFSL 


= PHFSZ 

= TCS 100-3 


Enter phase FSL 


FSL 


Enable TCL delay line 


DCL 

DCLSTART3 


= CYCLE/C 

DCLSTART3 + . . . 

= PHFSL NFSU+ ... 


Delay line enabled at 
end of function strobe 




Enable funct : «.-.i response 
signals 


FROD 

(TDVR DCA FSD) 
FSLD 

PHFSL-1 


= (TDVR DCA FSD) RER 
+ ... 

.= DCA FSLD TDVR 

= PHFSL-1 TTSH DCA 
+ ... 

= PHFSL 


FROD true for rate 
error 






FR2D 


= (TDVR DCA FSD) 
SUN + ... 


FR2D true if sector 
unavailable 






FR3D 


- (TDVR DCA FSD) 
WPV + ... 


FR3D true if write pro- 
tection violation 




Enable condition code signals 
(IORD, DORD) 


IORD 

IORD EN 

NIORDEN1 

NFAULT 


= PHFSL IORDEN 
+ ... 

= NIORDEN1 + ... 

= FDVU NFAULT 

= NRER NSUN NWPV 


IORD true if r.cne of 
the error flip-flops in 
set state 






DORD 


= DORDEN PHFSL 
+ ... 


DORD true if device 
is operating 






DORDEN 


= OPER + ... 






Reset PHFSL 


R/PHFSL 
C/PHFSL 


= TCS 100-3 


End phase PHFSL 




Reset NPHFS 


R/NPHFS 
PHFSET 
FSCU 

C/NPHFS 


= PHFSET 
= NFSCU PHFSL-1 
= FSC IOP + ... 
= TCS 100-3 


Enter phase PHFS if 
service connect flip- 
flop FSC not in set 
state 
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Table 4-12. TIO Command, Phase Sequence Chart 



Phase 


Function Performed 


SK 


gnals Involved 


Comments 


FS 


CPU processes TIO instruction, 
and IOP generates true TIOR 
signal and FSR signal 








I 


Enable TCL delay line 


DCL 


= CYCLF/C DCLSTART1 
+ . . . 


CYCSET latched true. 
IOP true unless DC is 






CYCLE/C 


= CYCSET IOP + . . . 


offline. DCA true if 
(SWA0-SWA3) matches 






DCLSTART1 


= FSU PHFS TTSHU DCAU 
+ . . . 


(DA0R-DA3R) 






FSU 


= FSR IOP + . . . 








TTSHU 


= TTSH IOP + . . . 








DCAU 
TTSH 


= DCA IOP + . . . 
= TIOR + . . . 






Reset OFER 


R/OPER 
C/OPER 


= PHFS 
= NTCS030 


Prepare to sample sig- 
nal DVTR during phese 
FSZ 




Set N PHFS 


S/NPHFS 
C/NPHFS 


- PHFS 

= TCS100-3 


End phase FS 




Set PHFSZ 


S/PHFSZ 
C/PHFSZ 


= PHFS 

= TCS10C-3 


Enter phase FSZ 


FSZ 


Enable TCL delay .ine 


DCL. 


= CYCLE/C PHFSZ + ... 






Sample DVTR signal from 


S/OPER 


= DVTR G"-£RSET 


Set OPER if DVTR -Tje, 




addressed selection unit 






indicating RAD is op- 






OPERSET 


= TTSHU PHFSZ 


erating 






C/OPER 


= NTCSOQO 






Reset PHFSZ 


R/PHFSZ 
C/PHFSZ 


= TCS100-3 


End phase FSZ 




Set PHFSL 


S/PHFSL 


= PHFSZ 


Enter phase FSL 






C/PHFSL 


= TCSI00-3 




FSL 


Enable TCL delay line 


DCL 

DCLSTART3 


= CYCLE/C DCLSTART3 
+ . . . 

= PHFSL NFSU + ... 


TCL delay line enabled 
at end or function strobe 



(Continued) 
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Table 4-12. TIO Command/ Phase Sequence Chart (Cont.) 



Phase 


Functior 


Performed 


S' 


gnals Involved 


Comments 


FSL 
(Cont.) 


Enable function response 
signals 


FROD 


= BFSD TSH CIL + . . . 


FROD true if interrupt 
pending (CIL) 








BFSD 


= FSLD 










FSLD 


= TTSH DCA PHFSL-1 










PHFSL-1 


= PHFSL 






FR1D FR2D 















Device ready 


FR1D 


= BFSD TSH DVBSY + . . . 






1 1 
1 


Device busy 

Device not 
operational 


DVBSY 
FR2D 
STSH02 


= DCB DVSEL 

= BFSD TSH STSH02 + . . . 

- DVBSY + NOPER 










FR3D 


= BFSD TSH DVTR + . . . 


Device test (DVTR) 








FR4D 


= BFSD TSH UNE + . . . 


Unusual end (UNE) 




FR5D FR6D 




FR5D 


= BFSD TSH DCB + . . . 









Device con- 
vtolier ready 


FR6D 


= BFSD TSH DCB + . . . 






1 1 


Device con- 
troller busy 


FR7D 


= BFSD TSH GND + . . . 






Enable condition code 
signals 


IORD 

IORDEN 


= PHFSL IORDEN + . . . 
= NIORDEN1 + . . . 


IORD true if r.v Inter- 
rupt, not busy, and 
device operating 




IORD DORD 
1 1 


Ready for 
SIO 


NIORDEN1 


= NC1L NDCB OPER 
T!OU + . . . 









Device not 


TlOU 


= TlOR IOP + . . . 








operational 


DORD 


= DORDEN PHFSL + . . . 






1 


•nterrupt 
pending or 
DC busy 


DORDEN 


= OPER + . . . 


DORD true if device 
operating 




Reset PHFSL 




R/PHFSL 
C/PHFSL 


- TCS 100-3 


End phase FSL 




Reset NPHFS 




R/NPHFS 
PHFSET 
FSCU 


- PHFSET 

= NFSCU PHFSL-1 

= FSC IOP + . . . 


Enter phase FS 








C/NPHFS 


= TCS 100-3 
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Tabie 4-13. Order Out Service Cycle, Phase Sequence Chart 



Phase 


Function Performed 


Signal: 


Involved 


Comments 




Device controller busy flip- 
flop DCB has been set by 
previously accepted SIO. 
Phase FS is entered following 
SIO or following order in ser- 
vice cycle in which command 
chaining signal was received 
from IOP 


ORDOUT 


= NDATA NIN 


Flip-flop NPHFS is 
reset following SIO 
or order in service 
cycle 


FS 


Direct set service call flip- 
flop SCN 


M/SCN 


= PHFS DCB CYCLE/C 
N(NSCNMEN) 


CYCSET latched true 






CYCLE/C 


= CYCSET IOP + ... 


IOP true when controller 






N(NSCNMEN) 


= NDATA NRWE 
NWCHW + ... 


is online 




Raise service call line SCD 


SCD 
LSL 


= LSL 

= NASCR SCN INC 
+ ... 


Service call line heid 
true until IOP responds 
with ASCR and FSR 




Start TCL delay line when 
ASCR and FSR true 


DCL 

DCLSTART1 

BSYCU 
BSYC 


= CYCLE/C DCLSTART1 
+ . . . 

= PHFS DCB BSYCU 
+ ... 

= BSYC IOP + ... 

= ASCM ASCR AVIR FSR 
+ ... 






Reset flip-flop CDN 


R/CDN 

ORDOUT 
C/CDN 


= ORDOUT 
= NDaTA NIN 
= NTCS000 


CDN set during phase 
TO of last data trar.sfei 
of previous order 




Enable function response 
signals FROD through FR7D 


FROD 
FR1D 
FR2D 
FR3D 


= BSYC SWAO + ... 
= BSYC SVVA1 + ... 
= BSYC SWA2 + ... 
= BSYC SV/A3 + ... 


(FR0D-FR3D) encode de- 
vice controller address 






FR4D 


= BSYL grd +... 


FR4D always false 






FR5D 
FR6D 


= BSYC U0 + ... 
= BSYC Ul + . . . 


(FR5D-FR7D) encode 
device address 






FR7D 


= BSYC U2 + ... 





(Continued) 
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Table 4-13. Order Out Service Cycle, Phase Sequence Chart (Cont. ) 



Phase 


Function Performed 


Signals Involved 


Comments 


FS 

(Cont. ) 


Set service connect flip-flop 
FSC as function strobe FSR 
goes false 


S/FSC 
ASCB 

C/FSC 


= ASCB 

= ASCM ASCR AVIR FSR 
(delayed NFSC) 

= NFSC FSR + ... 


FSC must be set before 
RSD raised in phase FSL 




Set NPHFS 


S/NPHFS 
C/NPHFS 


= PHFS 
= TCS 100-3 


End phase FS 




Set PHFSZ 


S/PHFSZ 
C/PHFSZ 


= PHFS 

= TCS 100-3 


Enter phase FSZ 


FSZ 


Enable TCL delay line 


DCL 


= CYCLE/C PHFSZ + ... 


Phase FSZ functions 
not signif!ca:i! for 
order out se^.ice cycle 




Reset PHFSZ 


R/PHFSZ 


= ... 


End phase FSZ 




Set PHFSL 


S/PHFSL 
C/PHFSL 


- PHFSZ 
= TCS100-3 


Enter phase FSL 


FSL 


Raise request ifrobe signal 
RSD 


RSD 

RSET 
FSCU 


= FSC NRSAR (FSCU RSD 
+ NPHRSA RSET + ...) 

= PHFSL NIN + ... 

= FSC IOP + ... 


RSD latchec until re- 
quest strobe acknow- 
ledge signal KSAR is 
true 




Enable data or order signals, 
request order out service 
cycle 


IORD 


= fSC NIN + ... 


(DATA, IN) flip-flops 
in (0, 0) stat'. at start 
of I/O or at end of 






DORD 


= FSC NDATA + ... 


order in service cycle 




Start TCL delay line 


DCL 

DCLSTART3 
FSU 


= CYCLE/C JCLSTART3 
+ . . . 

= PHFSL NFSU + ... 

= FSR IOP + ... 


TCL delay line started 




Reset service call flip-flop 
SCN 


R/SCN 

SCNRST 
C/SCN 


= SCNRST 

= PHFSL + ... 

= TCS 100-3 


SCN reset to prevent 
service call unless re- 
quired 




Reset PHFSL 


R/PHFSL 


= ... 


End phase FSL 
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Table 4-13. Order Out Service Cycle, Phase Sequence Chart (Cont.) 



Phase 


Function Performed 


Signals Involved 


Comments 


FSL 
(Cont. ) 

i 


Set PHRSA 


S/PHRSA = PHRSASET FSCU 

PHRSASET = PHFSL NiN + ... 
C/PHRSA = TCS 100-3 


Enter phase RSA 


RSA 


Wait for request strobe 
acknowledge signal RSAR 
from IOP 




- 




Start TCL delay line 


DCL = CYCLE/C PHRSA RSAU 

+ . . . 

RSAU = RSAR IOP + ... 






Direct set SCR 


M/SCR = PHRSAOO 


Preset for control of 
FAM circuits 




Store order code 

(D A3 R-D A7 R)—- (O RD0-O RD4) 


S/ORD0 = DA3R IOP 

C/ORDO = ORDXIOP 

ORDXIOP - IOP PHRSAOO TCSOOO-3 
PHRSAOO •■= ORDOUT PHRSA 
ORDOUT = NDATA NIN 


Order code retained until 
vi'der has been executed 


(Order register bii») 


12 3 4 


(IOP data lines) 


3 4 5 6 7 


Write order 


X X 1 




Read record order 


X X 1 


ORD1 = DA4R ORDXIOP + ... 






Read sector order 


1 X X 1 


ORD2 = DA5R ORDXIOP + ... 






Seek order 


X X X 1 1 


ORD3 = DA6R ORDXIOP + ... 






Sense order 


X 1 


ORD4 = DA7R ORDXIOP + ... 






Checkwrite order 


X X 1 1 


M/BKO = BKX1 

BKX1 = PHRSAOO + ... 


Preset required for 
multiple-byte IOP 
interface operations 


Preset byte counter to (1, 1) 






M/BK1 = BKX1 






Direct set flip-flop SCR 
Preset RK-counier 


M/SCR = PHRSAOO 

(S/RK0-S/RK3) = ORDOUT 
M/RK4 = PHRSAOO 


SCR and RK -counter 
preset for control of 
FAM circuits 


I 


Preset JP-register to 1111 
Preset KP-register to 1111 


(JP0-JP3) = PHRSAOO + ... 
(KP0-KP3) = PHRSAOO + ... 


Presets determine FAM 
location for first FAM 
read cycle and first 
FAM write cycle 
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Table 4-13. Order Out Service Cycle, Phase Sequence Chart (Cont.) 


Phase 


Function Performed 


Signals Involved 


Comments 


RSA 
(Cont. ) 


Reset PHRSA 
Set PHRS 


R/PHRSA = ... 

S/PHRS = PHRSET FSCU 
PHRSET = PHRSA + . . . 
C/PHRS = TCS 100-3 


End phase RSA 
Enter phase RS 


RS 


Start TCL delay line as RSAR 
goes false 


DCL = CYCLE/C DCLSTART3 
+ ... 

DCLSTART3 = PHRS NDATA NRSAU 
+ ... 






Raise request strobe line RSD 


RSD = FSC NRSAR (FSCU RSD 
+ PHRS ' TCSOOO-2 + ...) 






Reset PHRS 


R/PHRS = ... 


End phase RS 




Set PHTO 


S/PHTO = PHRS ED 


Enter phase TO 






ED = EDSET TCSOOO-2 
+ ED FSCU + ... 


End data signc 1 set 
internally and latched 






EDI = EDI FSCU 

+ ZDSET1 NPHRSA + ... 








EDISET1 = NDATA + ... 








C/PHTO = TCS 100-3 




TO 


Start TCL delay line when 
request strobe acknowledge 
signal RSAR true 


DCL - CYCl.t/C DCLSTART1 

+ . . . 

DCLSTART1 = PHTO RSAU + ... 






Set DATA 


S/DATA = DATASET NORDIN 

DATASET - NSKSBK NCDN 
NCDNPET NUNE 

ORDIN = NDATA IN 

C/DATA = PHFSTOD TCS 100-3 

PHFSTOD = PHTO + ... 


DATA set regardless 
of order code stored 




If read order or sense order, 
set IN 


S/IN = INSET NORDIN 

INSET = NORD4 + . .. 
C/IN = PHFSTOD TCS 100-3 


IN set for orders re- 
quiring data transfer 
to computer through 
IOP 



(Continued) 
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Table 4-13. Order Out Service Cycle, Phase Sequence Chart (Cont.) 



Phase 


Function Performed 


Signals Involved 


Comments 


TO 
(Cont. ) 


Reset PHTO 
Reset NPHFS 


R/PHTO 
R/NPHFS 

PHFSET 
C/NPHFS 


= PHFSET 

= PHTO + ... 

= TCS 100-3 


End phase TO 
Enter phase FS 






Terminal order operations 






Refer to table 4-19 
for terminal order 
operations resulting 
in c fher than execu- 
tion of order 





4-96 Sense Order Sequence 

The sense order is executed if the sense order code 
(0.0100) is stored in the order register during an order out 
service cycle. During execution of a sense order, three 
bytes of data are transferred to the O -register for transfer 
to the IOP. The first byte contains seven bits from the 
selection unit of the track address from the T -register and 
the track protect bit. The second byte contains four bits 
of the track address, and the four-bit sector address from 
the S-register. The third byte contains the four-bit address 
of the sector currently under the read/write heads of the 
selection unit. Equations controlling execution of the order 



are listed in table 4-14; a timing diagram is provided in 
figure 4-25. 

Sense order data is transmitted one byre at a time regard- 
less of the byte width of the IOP interface. The first byte 
is stored in the O -register as request strobe signal RSD is 
raised. The IOP delays, reads the data from the O -register, 
then delays before raising request strobe acknowledge sig- 
nal R5AR. The second and third bytes are transferred 
through the K-register to the O -register. Transfer from 
the T -register and S -register to the K-register and from the 
K -register to the O-register is controlled by signals gen- 
erated within the controller as the order is executed, The 
IOP adepts data from the O-register whiie signal RSD is true. 



Table 4-14. Sense Order, Phase Sequence Chart 



Phase 


Function Performed 


Signals Involved 


Comments 




Order out service cycle 
follows accepted SIO or 






For SIO sequence, 
refer to table 4-10 




command chaining ter- 










minal order, aftei which: 










a. (DATA, IN) in 
state (1,1) 

b. (BK0, BK1) in 
state (1, ■) 


DATAIN 

BKZZ 

SENSE 


= DATA IN 

= BK0 BK1 

= ORD2 NORD3 NORD4 


For order out service 




c. (ORD0-ORD4) 
store (0 0100) 






cycle sequence, r°.fer 
to table 4-13 




d. DCB in set state 










e. FSC in set state 











f. SCN in set state 
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Table 4-14. Sense Order, Phase Sequence Chart (Cont. ) 



Phase 


Function Performed 


Signals Involved 


Comments 




During preliminary phases 
(FS, FSZ, FSL) of data in 
service cycle, SEN is set, 
EP RAD controller address 
and EP RAD storage unit 
address are placed on func- 
tion response lines (FR0D- 
FR7D), and (DORD, IORD) 
signals indicate data in 
service cycle request 

At end of preliminary 
operations, enter phase RS 


IORD = FSC NIN + ... 
DORD = FSC NDATA + ... 
S/SEN = SENSE PXS 
PXS = TSE NRWP 

R/PHFSL = ... 
S/PHRS = FSCU PHRSET 
PHRSET = PMFSL IN + ... 


Exit phase FSl 
Enter phase RS 


RS 


(TRPR)— — (O00) 
(T00-T06) — (O01 -O07) 
Start TCL delay line 

Reset flip-flop PHRS 
Set flip-flop PHRSA 

Raise request strobe 
signal RSD 


OXSENSE1 = SLNSE OXKEN BKZZ 

OX KEN = DmTAIN NED PHRS 

DCL = CYCLE/C DCLSTART2 
NRSAU + ... 

DCLSTART2 = PHRS SEKSEND + ... 

SEKSEND = jENSE NPHRSAOO 
+ . . . 

PHRSAOO = FHRSA ORDOUT 

R/PHRS = ... 

. S/PHRSA = FSCU PHRSASET 

PHRSASET = PHRSNED 

PHRSNED = PHRS NED 

RSD = FSC NRSAR (PHRS 
fCSOOO-2 + . . . 


TRPR is track protect 
bit from selection unit 

Exit phase RS 
Enter phase RSA 

Contents of O-register 
read into memory while 
RSD true 


RSA 


Decrement byte counter 
(BKO, BKl)io (1, 0) 


NBKCK = PHRSA SEKSEND 
TCS000-3 + ... 

SEKSEND = SENSE NPHRSAOO 
+ . .. 

PHRSAOO = PHRSA ORDOUT 

BKZW = BKO NBK1 
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Table 4- 


•!4. Sense Order, Ph 


ase Sequence Chart (Cont. ) 




Phase 


Function Performed 


Signals Involved 


Comments 


RSA 
(Cont. ) 


(T07-T10)— HK00-K03) 
(S00-S03)— — (K04-K07) 


KXSENSE1 


= SENSE BKZW 


Prepare for transfer to 
O-register in phase RS 




Start TCL delay line 


DCL 


= CYCLE/C PHRSA RSAU 
+ ... 






Reset flip-flop PHRSA 


R/PHRSA 


= ... 


Exit phase RSA 




Set flip-flop PHRS 


S/PHRS 

PHRSET 


= FSCU PHRSET 

= PHRSA + ... 


Enter phase RS 


RS 


(K00-K07) -*~(O00-O07) 


OXK 

OXKEN 


= OXKEN TCS000-2 
= DATAIN NED PHRS 






Raise request strobe 
signal RSD 


RSD 


= FSC NRSAR 

(PHRS TCS000-2 + ...) 


Contents of O-register 
read into memory while 
RSD true 




Stari TCL delay line 


DCL 

DCLSTART2 
SEKSEND 

PHRSAOO 


= CYCLE/C DCLSTART2 
NRSAU + ... 

- PHRS SEKSEND + ... 
= SE'NSF N PHRSAOO 

- PHRSA ORDOUT 






Reset flip-flop PHRS 


R/PHRS 


= ... 


Exit phase RS 




Set flip-flop PHRSa 


S/PHRSA 

PHRSASET 
PHRSNED 


= FSCU PHRSASET 
= PHRSNED + ... 
= PHRS NED 


Enter phase RSA 


RSA 


Start TCL delay Jine 


DCL 


= CYCLE/C PHRSA RSAU 
+ . . . 






Decrement byte counter 
(BKO, BK1)to (C, 1) 


NBKCK 

SEKSEND 

PHRSAOO 
BKWZ 


= PHRSA SEKSEND 
TCSOOO-3 

= SENSE N PHRSAOO 
+ . .. 

= PHRSA ORDOUT 

= NBKO BK1 






(AN0R-AN3R)^-(K04-K07) 


KXSENSE2 


= SENSE BKWZ 


Prepare for transfer to 
O-register in phase RS 
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Paragraphs 4-97 to 4-98 





Table i- 


-14. Sense Order, Phase Sequence Chart (Cont.) 






Phase 


Function Performed 


Signals Involved 


Comments 


RSA 
(Cont. ) 


Reset flfp-fiop PHRSA 
Set flip-flop PHRS 


R/PHRSA = ... 
S/PHRS = FSCU PHRSET 
PHRSET = PHRSA + ... 


Exit phase RSA 
Enter phase RS 




RS 


Raise request strobe 
signal RSD 

(K00-K07)— - (000-007) 

Raise end data signal ED 
internally 

Start TCL delay line 


RSD = FSC NRSAR 

(PHRS TCS000-2 + . . . ) 

OXK = OX KEN TCS000-2 

OXKEN = DATAIN NED PHRS 

EDD - EDI FSC 

EDI = EDISET1 NPHRSA 

+ FDI FSCU + ... 

EDISET1 = SENSE BKWZ + ... 

DCL = CYCLE/C DCLSTART2 
NRSAU + ... 

DCLSTART2 = PhP^ SEKSEND + ... 

. SEKSEND = SENSE NPHRSAOO 

+ . . . 

PHRSAOO = PHRSA ORDOUT 


Contents of C -register 
read into memory while 
RSD true 






Reset flip-flop PHRS 


R/PHRS = ... 


Exit phase RS 






Set flip-flop HHIO 


S/PHTO = PHRS ED 


Enter phase TO 




TO 


Terminal order operations 




See tabie 4-19 


— — > 



4-97 Seek Order Sequence 

The seek order is executed if the seek order code (0 001 1 ) 
is stored in the order register during an order cut service 
cycle. During execution of a seek order, two bytes of data 
are accepted on the IOP data lines and are stored in reg- 
isters of the controller. The first byte contains eight 
bits of the track address, which are stored in the T -register 
(three bits are not used). The second byte contains four 
additional bits of the track address, which are stored in 
the T-register, and the four-bit sector address, which is 
stored in the S-register. Equations controlling execution 
of the order are listed in table 4-15; a timing diagram is 
provided in figure 4-26. 

Seek order data is transmitted one byte at o time, regard- 
less of the byte width of the IOP interface. After the 



controller raises the request strobe signal RSD, the IOP 
delays, places output data. on the data lines, then delays 
again before raising the request strobe acknowledge signal 
RSAR. The first byte is accepted into the I -register and is 
transferred to the J-register before the second byte is re- 
quested from the IOP. Transfer from the J-register to either 
the f -register or the S-register is controlled by signals gen- 
erated within the controller as the order is executed. 

4-98 Write Order Sequence 

If a write order (X X001 ) is stored in the order register dur- 
ing an order out service cycle, the sequence outlined in 
table 4-16 follows. During execution of a write order, a 
sequence of data out service cycles is requested by the con- 
troller. During each data out service cycle, data bytes are 
accepted from the IOP, stored temporarily in registers of 
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RSD 

RSAR 

DCL 

BKO 

BK1 

BKCK 

PHRS 

PHRSA 
FHTO 
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NOTES: 

1. NO TIME SCALE; SEQUENCE OF EVENTS ONLY 

2. PRELIMINARY OPERATIONS: ORDER OUT SERVICE CYCLE AND PHASES 
FS, FSZ, FSL, OF DATA IN SERVICE CYCLE 

3. (TRPR)— (O00) N T-FIRSTBYTE 
(T00-T06)— - (001-007) J ri! °* BYIt 

4. (T07- T10) — (KOO- K03fl c FrOND RYTE 
(SOO- S03)— (K04- K07) f SECOND BYTE 

5. (AN0R-AN3R) — (K04~ KO 7) THIRD BYTE 

6. (K00-K07) — -(000-007) 

7. O- REGISTER READ WHILE RSD TRUE 
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Figure 4-25. Data Transfer During Sense Order, Timing Diagram 
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Table 4-15. Seek Order, Phase Sequence Chart 



Phase 


Function Performed 


Si 


gnals Involved 


Comments 




Order out service cycle 
follows accepted SIO or 
command chaining ter- 
minal order, after which: 

a. (DATA, IN) in 
state (1, 0) 


DATAOUT 


= DATA NIN 


For SIO sequence, 
refer to table 4-10. 
For order out service 
cycle sequence, refer 
to table 4-13 




b. (BKO, BK1) in 
state (1, 1) 


BKZZ 
SEEK 


= BKO BK1 
= ORD3 ORD4 






c. (ORD0-ORD4) 
store (0 0011) 










d. DCB in set state 










e. FSC in set state 










f. SCN in set state 










g. RSD true 










During preliminary phases 
(FS, FSZ, FSL)ofdata 
out service cycle, EP RAD 
controller address and unit 










address on function response 
lines (FR0D-FR7D)and 
(DORD, IORD) signals in- 
dicate data out service cycle 


IORD 
DORD 


= rsc NIN + ... 

= rSC NDATA + ... ' 






Start delay linn at end of 
function strobe 


DCL 

DCLSTART3 


= CYCLE/C DCLSTART3 

■v ... 

= p;;fsl nfsu + ... 






Reset flip-flop PHFSL 


R/PHFSL 


= ... 


Exit phase F5L 




Set flip-flop PHRSA 


S/PHRSA 

PHRSASET 


= FSCU PHRSASET 
= PHFSL NIN + ... 


Enter phase RSA 


RSA 


(DA0R-DA7K) -*-(I00-I07) 


IXD-1 

PHRSADO 


- PHRSADO TCS000-3 
= r'HRSA DATAOUT 


Byte 1 (track No. 
bits 0-6) 




Decrement byfe counter 
(BKO, BK1) to (1, 0) 


NBKCK 

SEKSEND 
PHRSAOO 


= PHRSA SEKSEND TCS000-3 
= SEEK NPHRSAOO + ... 
= PHRSA ORDOUT 








BKZW 


= BKO NBK1 


BKZW signal enables 
data transfer in phase RS 



(Continued) 
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Table 4- 


15. Seek Order, Phase Sequence Chart (Cont.) 






Phase 


Function Performed 


Signa 


is Involved 


Comments 




RSA 
(Cont. ) 


Start TCL delay line 


DCL 


= CYCLE/C PHRSA RSAU 
+ ... 








Reset flip-flop PHRSA 


R/PHRSA 


= ... 


Exit phase RSA 






Set flip-fiop PHRS 


S/PHRS 

PHRSET 


= FSCU PHRSET 
= PHRSA + ... 


Enter phase RS 




R5 


(100-107)-— (J00-J07) 


If one -byte interface: 










JXI1B 


= IOP PHRSDO TCSOO0-2 
BYTHD 










PHRSDO 


= PHRS DATAOUT 










If r.ct one -byte i 


nterface: 










JXIN1B 


- IOP DATAOUT TRS060 
R WRITE -2 NBYT1ID 








(J01 -J07)— (T00-T06) 


TXJ 

RWRITEDO 


= SEEK RWRITEDO BKZW 
T RSI 30 

- R WRITE -2 DATAOUT 








Raise reqt'est strobe 
signal RSD 


RSD 


■= FSC NKSAR (PHRS 
TCS000-2 + ...) 








Raise end data sign-! 
ED internally 


EDD 
EDI 

EDISET1 


= EDI FSC 

= EDISET1 NPHRSA 
+ EDI FSCU + ... 

= SEEK BKZW + ... 








Start TCL delay line 


DCL 

DCLSTART2 
SEKSEND 


= CYCLE/C DCLSTART2 
NRSAU + ... 

- PHRS SEKSEND + ... 

= SEEK NPHRSAOO + ... 








Reset flip-flop PHRS 


R/FHRS 


= ... 


Exit phase RS 






Set flip-flop PHRSA 


S/PHRSA 

PHRSASET 


= FSCU PHRSASET 
= PHRSNED + ... 


Enter phase RSA 








PHRSNED 


= PHRS NED 






RSA 


(DA0R-DA7R)-— (100-107) 


IXD-1 

PHRSADO 


= PHRSADO TCS000-3 
= PHRSA DATAOUT 


Byte 2 (track No. 
bits 7-10; sector 
bits 0-3) 





(Continued) 
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Table 4 


-15. Seek Order, Phase Sequence Chart (Cont. ) 




Phase 


Function Performed 


Si 


gnals Involved 


Comments 


RSA 
(Cont. ) 


Decrement byte counter 
(BKO, BKl)to(0, 1) 


NBKCK 

SEKSEND 
PHRSAOO 

BKWZ 


= PHRSA SEKSEND TCSO00-3 
= SEEK NPHRSAOO + ... 
= PHRSA ORDOUT 
= NBKO BK1 


BKWZ signal enables 
data transfer in phase 
RS 




Start TCL delay line 


DCL 


= CYCLE/C PHRSA RSAU 
+ . .. 






Reset fiip-fiop PH RSA 


R/PHRSA 


= ... 


Exit phase RSA 




Set flip-flop PHRS 


S/PHRS 

PHRSET 


= FSCU PHRSET 

= PHRSA + ... 


Enter phase RS 


RS 


(100-107)— U0O-J07) 


JXI1B 

PHRSADO 


= IOP PHRSADO TCS000-2 
BYY11D 

= PHRS DATAOUT 






Ra T se request srrobe 
signal RSD 


RSD 


= FSC NRSAR (PHRS 
TCS000-3 + ...) 






(J00--J03)— (T07-T10) 


TXJ 

RWRITEDO 


= SEEK RWRITEDO BKWZ 
TRS130 

= DATAOUT RWRITE-2 






(J04-J07)— (500-S03) 


SXJ 


= SEEK RWRITEDO BKWZ 
T RSI 30 






Start TCL delay line 


. DCL 

DCLSTART2 

SEKSEND 

PHRSAOO 


= CYCLE/C DCLSTART2 
NRSAU + ... 

= PHRS SEKSEND + ... 
= SEEK NPHRSAOO + ... 
- PHRSA ORDOUT + ... 






Reset flip-fiop PHRS 


R/PHRS 


= ... 


Exit phase RS 




Set flip-flop PHTO 


S/PHTO 


= PHRS ED 


Enter phase TO 


TO 


Terminal order operations 




See table 4-19 
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NOTES: 

1. NO 1IME SCALE- SEQUENCE OF EVENTS ONLY 

2. PRELIMINARY OPtrATIONS: ORDER OUT SERVICE CYCLE AND PHASES FS, FSZ, 
AND FSL OF DATA OUT SERVICE CYCLE 

3. (J01 - J07) — — (TOO - T06) FIRST BYTE 

4. (J00-J03)— (T07-T10)! <- FrnND RYTF 
(J04-JQ7)— (SOO -S03)J SECOND BrTE 

5. (DA0R-DA7R)— COO- 107) 

6. (100-107)— (J00-JO7) 
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Figure 4-26. Data Transfer During Seek Order, Timing Diagram 



the controller, and transmitted to the addressed selection 
unit in serial form. The interface with the IOP may be one-, 
two-, or four-bytes wide. Data bytes are written starting 
at the track address and sector address indicated by the 
contents of the T -register and S-register. The contents of 
these registers are established by a seek order or by the 
, contents remaining after execution of a previous order. 
The number of data bytes written is established by infor- 
mation available to the IOP. When the proper number of 



data bytes have been written, the IOP terminates execution 
of the write order with a count done terminal order, and an 
order in service cycle is requested by the controller. 

Data transfers from the IOP to the FAM module proceed at 
a rate determined primarily by the IOP speed of response 
to requests from the controller. Data transfers from the 
FAM module to the selection unit must proceed at a rate 
determined by a clock signal internal to the controller. 
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Table 4-16. Write Order or Checkwrite Order, Phase Sequence Chart 



Phase 


Function Performed 


Signals Involved 


Comments 




The write order or check- 


WRITE 


= NORD2 NOR03 


For both the write order 




write order begins with an 




ORD4 


and the checkwrite order, 




order out service cycle 






data bytes from the IOP 




during which a write order 


CHWR 


= ORD2 NORD3 ORD4 


pass through the FAM 




code or a checkwrite order 






circuits to the selection 




code is stored in the order 


WCHW 


= WRITE NPHRSAOO 


unit interface circuits. 




register. The order out 




+ CHWR NPHRSAOO 


No differences exist at 




service cycle may follow 






the IOP interface 




an SIO command or an 


WRCH 


= WRITE NPHRSAOO 






order in service cycle 




+ RCHW NPHRSAOO 






which ends with command 










chaining 


RCHW 

DATAOUT 
BKZZ 


- CHWR NPHRSAOO 
+ ... 

- DATA NIN 
= BKO BK1 




FS 


Direct set flip-flop SCN 


M/SCN 


= PHFS DCB CYCLE/C 
N(NSCNMEN) 


CYCSET latched true. 
IOP true when controller 
is online. SCR preset 






CYCLE/C 


- CYCSET IOP + ... 


during order cut service 
cycle 






N(NSCNMEN) 


= NCDN DATAOUT SCR 






Raise service call line RSD 


SCD 


= LSL 


Service call line held 
true until IOP responds 






LSL 


= NASCR SCN INC 
+ ... 


with ASCR and FSR 




Start TCL deicy line when 


DCL 


= CYCIE/C DCLSTART1 






ASCR and FSR true 


DCLSTART1 

BSYCU 
BSYC 


+ . . . 

---■ PHFS DCB BSYCU 
+ . . . 

- BSYC IOP + ... 

=■■ ASCM ASCR AVIR FSR 

+ ... 






Enable function response 


FROD 


= BSYC SWAO + ... 


(FR0D-FR3D) encode 




signals FROD through FR7D 


FRID 
FR2D 
FR3D 


= BSYC SWA1 + ... 
= BSYC SWA2 + ... 
= BSYC SWA3 + ... 


device controller address 






FR4D 


= BSYC GRD 


FR4D always fjlse 






FR5D 


= BSYC U0 + ... 


(FR5D-FR7D) encode 










device address 



(Coniinued) 
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Table 4-16. Write Order or Checkwrite Order, Phase Sequence Char! (Cont. ) 



Phase 


Function Performed 


Signals Involved 


Comments 


FS 




FR6D 


= BSYC Ul + ... 




(Cont. ) 




FR7D 


= BSYC U2 + ... 






Set service connect fiip- 


S/FSC 


= ASCB 


FSC must be reset before 




flop FSC as FSR goes false 






RSD can be raised in 


L 


if previously reset by end 


ASCB 


= ASCM ASCR AVIR FSR 


phase FSL 




service signal 


C/FSC 


(delayed NFSC) 
= NFSC FSR + ... 




• 


Set NPHFS 


S/NPHFS 
C/NPHFS 


= PHFS 
= TCS 100-3 


End phase FS 




Set PHFSZ 


S/PHFSZ 


= PHFS 


Enter phase FSZ 






C/PHFSZ 


= TCS 100-3 




FSZ 


Start TCL delay line 


DCL 


= CYCLE/C PHrSZ + ... 


Phase FSZ functions 
not significant for 
write order 




Reset PHFSZ 


R/PHFSZ 
C/PHFSZ 


- TCS10n-3 


End phase FSZ 




Set PHFSL 


S/PHFSL 
C/PHFSL 


= PHFSZ 
= TCS10n-3 


Enter phase FSL 


FSL 


Raise request strobe 


RSD 


= FSC NRSAR (FSCU RSD 


RSD latches untii 




signal RSD 


RSET 


+ NPHRSA RSET + ...) 
= PHFSL NIN + ... 


RSAR raised by IOP 




Enable data or order 


DORD 


= FSC NDATA + ... 


(DORD, IORD) is (0, i) 




signals, and request 










data out service cycle 


IORD 


= FSC NIN + ... 






Start TCL delay line 


DCL 

DCLSTART3 
FSU 


= CYCLE/C DCLSTART3 + . . . 
= PHFSL NFSU + ... 
= FSR IOP + ... 


TCL delay line started 
when FSR goes false 




If enough data bytes have 


S/SCN 


= SCNEN 


If SCN not in set state 




been accepted, reset SCN; 






upon return to phase FS, 




if additional data bytes 


SCNEN 


= DATA SCN EXT SCSET 


service calls inhibited 




are required, hold SCN in 






until SCR set 




set state 


SCSET 


= WCHW SCR RK1 + ... 





(Continued) 
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Table 4-16. Write Order or Checkwrite Order, Phase Sequence Chart (Cont.) 


Phase 


Function Performed 


Signals Involved 


Comments 


FSL 




R/SCN = SCNRST 




(Cont. ) 




SCNRST = PHFSL + ... 
C/SCN = TCS 100-3 






Reset PHFSL 


R/PHFSL = . . . 


End phase FSL 




Set PHRSA 


S/PHRSA = PHRSASET FSCU 
PHRSASET = PHFSL NIN + ... 


Enter phase RSA 






C/PHRSA = TCSiOO-3 




RSA 


Start TCL delay when IOP 


DCL = CYCLE/C PHRSA RSAU 






raises RSAR signal 


+ ... 
RSAU = RSAR IOP + ... 






Transfer data from IOP 








data lines to I-register 








(DA0R-DA7R)— (100-107) 


IX D - PHRSADO TCSOO0-3 
PHRSA DO - PHRSA DATA OUT 






Reset SCR afier sufficient 
bytes have been stored In 
FAM modu le 


S/SCR = RREAD-2 SCRSET 

SCRSET = NSCSET RK2 NRK3 NRK4 
SCSET = WCHVV RK1SCR + ... 
RK1SCR = RK1 SCR 

R/SCR = SCRSET 

C/SCR = RKCK 

NRKCK = TRSI30 + ... 

If four-byte interface: 

M/EDISET3 = BYT4ID 


SCR reset during FAM 
write cycle if SCRSET 
true 




Set EDISET3 to generate 
end data signal for use in 
phase RS 


If two-byte interface. 




S/EDISET3 = NSCR NEDIS3 






NEDIS3 = PHRSADO NBYTHD 





(Continued) 
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Table 4-16. Write Order or Checkwrite Order, Phase Sequence Chart (Cont.) 



Phase 


Function Performed 


Signals Involved 




Comments 


RSA 
(Cont. ) 




If one -byte interface: 

S/EDISET3 = NSCR NEDIS3 

NEDIS3 = PHRSADO NRK3 
C/EDISET3 = TC SI 00-3 






Internally-generated end 
data signal 


EDI = EDISET1 TCSOOO-2 
+ FSCU EDI + ... 

EDISET1 = EDISET3 + ... 






Reset PHRSA 


R/PHRSA = ... 


End phase RSA 




Set PHRS 


S/PHRS = PHRSET FSCU 
PHRSET = PHRSA + ... 


Enter phase RS 






C/PHRS = TCS100-3 




RS 


Raise request strobe 
signal R3D 


RSD = FSC NRSAR (FSCU RSD 
+ PHRS TCSOOO-2 + ...) 


RSD latches until 
RSAR raised by IOP 




Start TCL delay line as 
RSAR goes false 


DCL = CYCLF./C DCLSTART2 
NRSA'J -«- ... 

DCLSTART2 = WCHW PHRS NJFI 
+ ... 


Signal JFI at false 
level 




Preset signal JFI 


JFI = N(JFI RESET RWRITE-2 
TRS180) (J C IX1 
+ JFI NPHRSAOO 


Signal JFI latched 
until data accepted 
from IOP has been 
transferred to J- 






JFIX1 = PHRSDO TCSOOO-2 


register 






PHRSDO = PHRS DATAOUT 






Mark byte counter 


M/BKO = BKX1 

BKX1 = NBKX1EN 

BKX1EN - WCHW JFIX1 + ... 
M/BK1 = BKX1 


Byte counter direct set 
to (1, l) during order 
out service cycle, but 
must be preset each 
time phase RS is entered 
from phase RSA 




Clock byte counter 


NBKCK = BKCKEN TRS270 + ... 

BKCKEN = NBYT1ID (WCHW 

RWRITE-2 + BKCKEN 
NTRS030 + ...) 


For multiple-byte inter- 
face, byte counter is 
decremented as byte is 
transferred from J -register 
to FAM module 



(Continued) 
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Table 4-16. Write Order or Checkwrite Order, Phase Sequence Chart (Cont.) 



Phase 


Function Performed 


Signals Involved 


Comments 


RS 
(Cont. ) 


(100-107)— (J 00-J07) 


If one -byte IOP interface: 

JXI1B = IOP PHRSDO BYTHD 
TCS000-2 


Data transfer occurs as 
soon as TCL delay line 
is started. Data transfer 
from J-regisfer to FAM 
module controlled by 
TRL delay line 




Reset PHRS 


R/PHRS = ... 


End phase RS 




If end data, set PHTO 


S/PHTO = PHRS ED 

ED = EDSET TCSO0O-2 
+ ED FSCU + ... 

C/PHTO = KS 100-3 


Enter phase TO. End 
data signal set inter- 
nally during phase RSA 
and latched (or received 
from IOP) 




If not end data, set PHRSA 


S/PHRSA = PHRSASET FSCU 

PHRSASET = PHRSNED 
If two -byte IOP interface: 


Enter phase RSA 




(IO0-I07)-*~(J00-J07) 


JXIN1B .= IOP DATAOUT NBYT1ID 
R WRITE -2 TRS060 


Data transfer occurs 
under contro! of TRL 
delay line 




(108-115)- -(I00-I07) 


IXI-1 = BKZZ RWRITEDO IXEN 

RWRITEDO - R WRITE -2 DATAOUT 

IXEN = NBYT1ID TRL180 
NTRL240 


For second data byte, 
data transfer nccurs as 
part of firs* I -register 
to J -register transfer 




Decrement byte counter, 
causing BKZW to be true 


BKZW = BK0 NBK1 






(100-107)-*- (J00-J07) 


JXIN1B = IOP DATAOUT NBYT1ID 
R WRITE -2 TRS060 


Second data byte 
transferred to J -register 




Signal JFIRESET false 
causing JFI to be false 


N JFIRESET = WCHW BK1 NBYT1ID 
■i- 


As signal JFIRESET is 
false, latch is oroken 




Reset PHRS, and set 
PHTO or PHRSA 


DCL controlled by NJFI 
If four-byte IOP interface: 






(100-107)— HJ00-J07) 


JXIN1B - IOP DATAOUT NBYT1ID 
RWRITE-2 TRS060 


Data transfer occurs 
under control of TRL 
delay line 
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Table 4-16. Write Order or Checkwrite Order, Phase Sequence Chart (Cont. ) 



Phase 


Function Performed 


Signals Involved 


Comments 


RS 


(108-115)— (100-107) 


IXI-1 


= BKZZ RWRITEDO IXEN 


For second data byte, 


(Cont. ) 








data transfer occurs as 






RWRITEDO 


= R WRITE -2 DATAOUT 


part of first I -register 
to J -register transfer 






IXEN 


= NBYT1ID TRL180 NTRL240 




i 


Decrement byte counter, 
causing BKZW to be true 










(100-107)-— (J 00-J07) 


JXIN1B 


= IOP DATAOUT NBYT1ID 
RWRITE-2 TRS060 






(116-123)— (100-107) 


IXI-2 


= BKZW RWRITEDO IXEN 


As second data byte is 
transferred to J -register, 
third data byte is trans- 
ferred to higher order 
byte of I-register 


• 


Decrement byte counter, 


BKWZ 


= NBK0 BK1 




causing BKWZ to be true 










(I00-IG7)-^(JOO-J07) 


JXIN1B 


= IOP DATAOUT NBYT1ID 
RWRITE-2 TRS060 






(124-131 )— —(100-107) 


IXI-3 


= BKWZ RWRITEDO IXEN 


As third data byte is 










i: jnsferred to J -register, 
fourth data byte is trans- 
ferred to higher order 
byte of I-register 




Decrement byte counter, 


BKWW 


= NBK0 NbKl 






causing BKWW to be true 










Signal JFIRESET false, 


NJFIRESET 


= WCHW BK0 BYT4ID 


As signal JFIRESET is 




causing JFI to be fa lie 






false, JFI letch is 
broken 




Reset PHRS and set PHTO 


DCL 


= CYCLE/C DCLSTART2 
NRSAU + ,.. 


Only one phase RS 
needed to accept f->ur 
bytes from IOP 






DCLSTART2 


= WCHW PHRS NJFI + ... 




^^TO 


Start TCL delay line when 
RSAR true 


DCL 

DCLSTART1 


= CYCLE/C DCLSTART1 
+ ... 

= PHTO RSAU + ... 






If IOP transmits court done 


S/CDN 


- DA1R TORD 


Refer to table 4-19 for 




terminal order, set CDN 






terminal order operations 






TORD 


= IOP NES ED PHTO 


other than count done 






C/CDN 


= NTCS00O 






If CDN, place (DATA, IN) 


S/DATA 


= DATASET NORDIN 


If IOP does not transmit 




flip-flops to (0, 1) state to 






terminal order, data out 




request order in service cycle 


NDATASET 


= CDN + ... 


service cycles continue 




during next phase FS 






following return to phase 






ORDIN 


= NDATA IN 


FS 






R/DATA 


= ... 
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Paragraphs 4-99 to 4-101 





Table 4-16. Write Order or Checkwrite Order, Phase Sequence Chart (Cont. ) 


Phase 


Function Performed 


Signals Involved 


Comments 


TO 




C/DATA = PHFSTOD TCS100-3 




(Cont. ) 


Whether or not terminal 
order received from IOP: 


PHFSTOD = PHTO + ... 
S/IN = INSET NORDIN 

INSET = NDATASET + ... 
C/IN = PHFSTOD TCS 100-3 






Reset PHTO 


R/PHTO = ... - 


End phase TO 




Reset NPHFS 


R/NPHFS = PHFSET 


Enter phase FS 






PHFSET = PHTO + . . . 


■ . , . 



Thus data must be accepted from the IOP and written in 
the disc file at a predetermined rate so that all sectors are 
filled with the coirect number of bytes. The FAM circuit 
provides a buffer between these two independently-con- 
trolled operations. 

4-99 Read Order Sequence 

If a read order (X XX10) is stored in the order regisler 
during an order out service cycle, the sequence outlined 
in table 4-17 follows. During execution of a read order, 
a sequence of data in service cycles is requested by the 
controller. During each data in service cycle, data bits 
are accepted serially from the addressed selection unit, 
assembled into eight-bit bytes, stored temporarily in registers 
of the controller, and transmitted to the IOP. The inter- 
face with the IOP may be one-, two-, or four-bytes wide. 
Data bits are read starting at the track address and the 
sector address indicated by ihe contents of the T-registei 
and S-register. The contents of these egisters are estab- 
lished by a seek o r der or by the contents remaining after 
execution of a previous order. The number of data bytes 
read is established by information available to the IOP. . 
When the proper number of data bytes have been read, the 
IOP terminates execution of the read order with a count 
done terminal order, and ar. order in seivice cycle is re- 
quested by the controller. 

Data transfers from the selection unit interface to the FAM 
circuits proceed at a rate determined primarily by the bit 
rate of the addressed selection unit. Data transfers from 
the FAM circuits to the IOP proceed at a rate determined 
primarily by the ability of the IOP to accept data. Thus, 
data must be accepted from the addressed selection unit at 
a rate established by a clock signal extracted from the 
Manchester-encoded data and must be accepted by the 



IOP at a rate established by the IOP speed of response to 
requests from the controller. The FAM circuits provide a 
buffer between these two independently-controlled opera- 
tions. 

4-100 Checkwrite Order Sequence 

If c checkwrite order (X XI 01) is stored in the order reg- 
istei during an order out service cycle, the sequence out- 
lined in table 4-16 follows. The checkwrite o.der combines 
opeuMons of the write rxder with operations oT the read 
ordji. Data bytes are accepted from the IOP on either a 
one-, two-, or four-byte interface. Data is read f r om the 
add r esssa selection unit, is assembled into eight-bit bytes, 
and i' compared with the data accepted from the IOP, The 
data -ccepted from the IOP during the succession of data 
out service cycles must have been previously written into 
the addressed locations during execution of a write cder, 
and 'tie same number of bytes must be read during execution 
of the checkwrite order as were written during execution of 
the write order. Data is neither written nor reed during 
execution of a checkwrite order. 

4-10! Order In Service Cycle 

Each input/output operation ends with an order in service 
cycle during which information is provided to the IOP, as 
indicated in table 4-18. During the terminal order phase 
of an order in service cycle, the command chaining bit is 
sampled. If the command chaining bit is true, an order 
out service cycle may follow the order in service cycle. 
If the command chaining bit is false, the controller returns 
to the ready automatic state and cannot accept new orders 
until art SIO command is transmitted from the IOP and is 
accepted by the controller. 
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Table 


4-17. Read Order, 


Phase Sequence Chart 




Phase 


Function Performed 


Signa 


s Involved 


Comments 




The read order begins with 
an order out service cycle 
during which a read order 
code is stored in the order 
register. The order out 
service cycle may follow 
an SIO command or an 
order in service cycle which 
ends with command chaining 


READ 
RCHW 

WRCH 

BKZZ 
DATAIN 


= ORD3 NORD4 

= READ NPHRSAOO 
+ ... 

= RCHW NPHRSAOO 
+ ... 

= BKO BK1 

= DATA IN 




FS 


Wait until selection unit 
interface circuits transfer 
sufficient data to FAM 
circuits 


S/SCR 

SCRSET 

SCSET 

R/SCR 
C/SCR 

NRKCK 


= RREAD-2 SCRSET 

= NSCSET RK2 NRK3 
NRK4 

= READ NRK1 + ... 

= SCRSET 

= RKCK 

= TRS130 + ... 


SCR preset during order 
out service cycle, reset 
when data in FAM module 




Direct set SCN 


M/SCN 


- PHFS DCB CYCLE/C 
N(NSCNMEN) 








CYCLE/C 


= IOP CYCSET + . . . 


CYCSET latched irje 






N(NSCNMEN) = NCDN READ KFID 
NSCR + ... 

KFID = KXO (KFID 
+ KFIDX1) 


IOP true when coiit'oller 
is online. KFID tru 3 when 
K-register filled and four 
bytes in FAM modu' ■ 






KFIDX1 


- KFI TRS270 






Raise service call line SCD 


SCD 
LSL 


= LSL 

= NASCR SCN INC 
+ ... 


Service call line held 
true until IOP responds 
with ASCR and FSR 




Start TCL delay line when 
ASCR and FSR true 


DCL 

DCLSTART1 
BSYCU 


= CYCLE/C DCLSTART1 
+ ... 

= PHFS DCB BSYCU 
+ ... 

= BSYC IOP + ... 








BSYC 


= ASCM ASCR AVIR FSR 

+ . . . 
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Table 4 


-17. Read Order, 


Phase Sequence Chart (Cont. ) 




Phase 


Function Performed 


c 


"gnals Involved 


Comments 


FS 
(Cont. ) 


Enable function response 
signals FROD through FR7D 


FROD 

FR1D 
FR2D 
FR3D 


= BSYC SWAO + ... 

= BSYC SWA1 + ... 
= BSYC SWA2 + ... 
= BSYC SWA3 + ... 


(FR0D-FR3D) encode 
device controller 
address 






FR4D 


= BSYC GRD + ... 


FR4D always false 






FR5D 
FR6D 


= BSYC U0 + ... 
= BSYC U1 + ... 


(FR5D-FR7D) encode 
device address 






FR7D 


= BSYC U2 + ... 






Set service connect flip-flop 
FSC as FSR goer false if FSC 
was previously reset by end 
service signal 


SASC 
ASCB 

C/FSC 


= ASCB 

= ASCM ASCR AVIR FSR 
(delayed NFSC) 

= NFSC FSR + ... 


FSC must be set! before 
RSD can be r.-Mjed 




Set NPHFS 


S/NPHFS 
C/NPHFS 


= PHFS 

= TC3 100-3 


End phase FS 




Set PHFSZ 


S/1>HFSZ 
C/PHFSZ 


= PHFS 

= TCS 100-3 


Enter phase ri>Z 


FSZ 


Start TCL delay line 


DCL 


= CYCLE/C PHFSZ + ... 


Phase FSZ functions 
not significant lor 
read order 




Reset PHFSZ 


R/PHFSZ 


= ... 


End phase FSZ 




SetPHFSL 


S/PHFSL 
C/PHFSL 


= PHFSZ 
= TCS 100-3 


Enter phase FSL 


FSL 


Enable data or order signals 
to request data in service 
cycle 


DORD 
IORD 


= FSC NDATA + ... 
= FSC NIN + ... 


(DORD, IORD) are 
(0, 0) 




Start TCL delay line 


DCL 


= CYCLE/C DCLSTART3 
+ ... 


TCL delay line started 
when FSR goes false 






DCLSTART3 = PHFSL NFSU + ... 








FSU 


= FSR IOP + ... 
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Table it- 


■17. Read Order, Ph( 


ase Sequence Chart (Cont. ) 




Phase 


Function Performed 


Signa 


Is Involved 


Comments 


FSL 
(Cont. ) 


If enough data bytes are 
available for transfer to 
IOP, hold SCN in set 
state; if additional data 
bytes are required for 


S/SCN 

SCNEN 
SCSET 


= SCNEN 

= DATA SCN EXT SCSET 

= READ NRK1 + ... 


If SCN not in set state 
upon return to phase FS, 
service calls inhibited 
until SCR is reset 




data in service cycle, 
reset SCN 


R/SCN 

SCNRST 
C/SCN 


= SCNRST 

= PHFSL + ... 

= TCS100-3 






Reset PH.FSL 


R/PHFSL 


= ... 


End phase FSL 




Set PHRS 


S/PHRS 


= PHRSET FSCU 


Enter phase RS 






PHRSET 
FSCU 


= PHFSL IN + ... 
= FSC IOP + . . . 




I 




C/PHRS 


- TCS 100-3 




RS 


Start TCI delay line when 
RSAR faise 


DCL 


= CYCLE/C DCLSTART2 
NRSAU + ... 


TCL delay line started 
when RSAU false, be- 






DCLSTART2 


= PHRS READ KFID 
+ . . . 


cause KFID at true level 






RSAU 


= RSAR ICP + ... 






Raise request strobe 
signal RSD 


RSD 


- FSC NRSAR (FSCU RSD 
+ PHRS TCSOOO-2 


Signal RSD first raiseo 
in phase FSL, but rr.'j r t 
be raised each time 
phase RS is entered 




Transfer data from addressed 
location in FAM module to 
K-register 

(RO0-R07)— HK00-K07) 

Transfer data from K-register 
to O-register 

(K00-K07)—(O00-O07) 


KXR 

KXREN 

OXK 

OXKEN 


= KXREN RREAD-2 16180 
= BKZZ + ... 

= OXKEN TCSOOO-2 
= PHRS DATAIN NED 


Transfer of data from 
addressed location in 
FAM module to K- 
register takes place 
under control of FAM 
circuits. This transfer 
must occur before exit 
from phase FSL to phase 
RS, and before TCL 
delay line is started in 
phase RS (KFID true) 
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Tabie 4-17. Read Order, Phase Sequence Chart (Cont. ) 




Phase 


Function Performed 


Signa 


s Involved 


Comments 


RS 


Transfer data from addressed 


If multiple -byte 


IOP interface 


For multiple-byte IOP 


(Cont. ) 


location In FAM module to 
l-register, clock byte counter. 
Raise end data signal if suffi- 
cient data bytes are not stored 
in FAM module, preset KF1 
v/hen K-register and I-register 
filled with data for O-register 






interface, additional 
bytes are taken from 
the FAM module to the 
I-register for transfer 
to O-register. Data 
transfer is controlled 
by the byte counter 




Mark byte counter 


M/BKO 


= BKXI 


Byte counter direct set 
to (1, 1) during order 






BKXl 


= N BKXI EN 


out service cycle, but 
must be preset each 






NBKX1EN 


= KXOEN READ + ... 


time data is transferred 
from K-register and I- 






KXOEN 


= OX KEN TCS 100-3 


register to O-register 






M/BK1 


= BKXI 






Clcck byte counter 


NBKCK 


= BKCKEN TRS270 

-f- 


For multiple -byte IOP 
interface, byre counter 
is incremented as the 






BKCKEN 


= NBYTHD (READ-l READRR 
+ BKCKEN NTIS030 


byte is transferred 
from the FAM module 
to the K-register or 
I-iegister 




First data byte transferred 


If two -byte IOP 


interface: 










as for one-bvte lOP inter- 










face 










(R00-R07)— (K00-K07) 


KXR 

KXREN 
READRR 


= KXREN RREAD-2 T RSI 80 
- READRR + ... 
= READ RREAD-2 






Decrement byte counter, 


BKZW 


= BK0 NBK1 






causing signal BKZW to 










be true 










Transfer second duta byte 










from addressed location in 










FAM module 










(RO0-R07)-* (108-11 5) 


IXR-1 

IXEN 


= IXEN READRR BKZW 

= NBYT1ID TRL189 
NTRL240 
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Table 


4-17. Read Order, Phase Sequence Chart (Cont.) 




Phase 


Function Performed 


Signals Involved 


Comments 


RS 


As second data byte is 


KFI = KXO (KFIX1 + KFI 


During each FAM read 


(Cont. ) 


stored, raise and latch 


NPHRSAOO) 


cycle, RREAD-2 is true. 




KFI 




When BK1 is false, 






NKXO = KXOEN 


KFISET is driven false, 
and KFIX1 raises KFI, 






KXOEN = OXKEN TCS100-3 

KFIX1 = KFISET RREAD-2 TRS180 

NKFISET = NBYT1ID RFADRR BK1 
+ ... 


which is latched until 
KXO is false 




Raise and latch KFID 


KFID = KXO (KFID + KFIDX1) 


KFID enables TCL delay 
line to start in phase RS 






KFIDX1 = KFI TRS270 


(next RSAR signal) 




Transfer data to O-segisfer 




Transfer of data from 
K -register and I- 




(K0G-K07)-^(O00-O07) 


OXK = OXKEN TCS000-2 


register to O -register 
takes place at start of 




(108-11 5)-*-(O08-0 15) 


OXK = OXKEN TCS000-2 


phase RS. Transfer of 
data from FAM module 
to K -register and 1- 
register is independent 
of phase control timing, 
but data must be avail- 
able before transfer to 
phase RS Is allowed 




Mark byte counter 


KXOEN = OXKEN TCS100-3 
If four-byte IOP interface: 


Prepare for next phase RS 




First data byte transferred 








as for one-byte IOP inter- 








face 








(R00-R07)-HK00-K07) 


KXR = KXREN RREAD-2 TRS180 
KXREN = READRR + ... 
READRR - READ RREAD-2 






Decrement byte counter, 


BKZW = BKO NBK1 






causing signal BKZW to 








be true 








Transfer second data byte 








from addressed location in 








FAM module 








(R00-R07)— -(108-115) 


IXR-1 = IXEN READRR BKZW 
IXEN = NBYT1ID TRL180 TRL240 





(Continued) 
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Table 


4-17. Read Order, 


Phase Sequence Chart (Cont. ) 




Phase 


Function Performed 


Si 


gnals Involved 


Comments 


RS 


Decrement byte counter, 


BKWZ 


= NBKO BK1 




(Cont. ) 


causing signal BKWZ to 
be true 

Transfer third data byte 
from addressed location 










in FAM module 










(R00-R07)-*-(I1 6-123) 


IXR-2 


= IXEN READRR BKWZ 






Decrement byte counter, 


BKWW 


= NBKO NBK1 






causing signal BKWW to 










be true 










Transfer fourth data byte 


IXR-3 


= IXEN READRR BKWW 






from addressed location 










in FAM module 










As second data byte is 


KFI 


= KXO (KFIX1 + KFI 


During each FAM read 




stored, raise and latch 




NPHRSAOO) 


cycle, RREAD-2 is rrue. 




KFI by driving KFISET 






When BKO false, KFISET 




false 


NKXO 


= KXOEN + ... 


driven false- KFIX1 
raises KFI, which is 






KXOEN 


= OXKEN TCS100-3 


latched until KXO is 
false 






KFIX1 


= KFJSET RREAD-2 TRS180 








N KFISET 


= BYT4ID' READRR BKO 
+ 






Raise and latch KFID 


KFID 


= KXO (KFID + KFIDX1) 


KFID enables TCL delay 
line to start in phase RS 






KFIDX1 


= KFI FRS270 


(next RSAR signal) 




Transfer data to C -register 






Transfer of d-^ta from 
K-register c.id I -register 




(K00-K07)— -(C00-O07) 


OXK 


= OXKEN TCS000-2 


to O-registe; takes place 
at start of phase RS. 




(108-115)-— (008-015) 


OXK 


= OXKEN TCS000-2 


Transfer of data from FAM 
module to K-register and 




(116-123)— -(016-023) 


OXK 


= OXKEN TCS000-2 


I -register is independent 
of phase control timing, 




(124-131 )-H024-031) 


OXK 


= OXKEN TCSOOO-2 


but data must be avail- 
able before transfer to 
phase RS is allowed 




Mark byte counter 


KXOEN 


= OXKhN TC SI 00-3 


Prepare for next phase RS 




End data signal raised and 


EDI 


= EDISET2 NPHRSA 


Signal KA8 raised and 




latched internally to con- 




+ EDI FSCU + ... 


latched if FAM module 




trol phase sequence 


EDISET2 
KA8 

REMPTY 


- OXKEN KA8 

= SCR REMPTY KFIDX1 

+ SCR KA8 KFID 
= RKO RK1 RK2 RK3 RK4 


empty when KRDX1 
true. If so, EDISET2 
raised and latched 
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Table 4 


-17. Read Order, Phase Sequence Chart (Cont. ) 




Phase 


Function Performed 


Signals 


Involved 


Comments 


RS 
(Cont. ) 


Reset PHRS 

If end data, set PHTO 


R/PHRS 

S/PHTO 

C/PHTO 


= PHRS ED 
= TCS 100-3 


End phase RS 
Enter phase TO 




If not end data, set 
PHRSA 


S/PHRSA 

PHRSASET 
PHRSNED 

C/PHRSA 


= PHRSASET FSCU 
= PHRSNED 
= PHRS NED 
= TCS100-3 


Enter phase RSA 


RSA 


Start TCL delay line 
when IOP raises RSAR 


DCL 

RSAU 


= CYCLE/C PHRSA RSAU 
+ . .. 

= RSAR IOP + ... 


O -register data ac- 
cepted by IOP 


'■ 


Reset PHRSA 


R/PHRSA 


= ... 


End phase RSA 




Set PHRS 


S/PHRS 


= PHRSET FSCU 


Enter phase RS 






PHRSET 


= PHRSA -i- ... 




TO 


Start TCL delay line 
when RSAR irue 


DCL 

DCLSTART1 


= CYCLt/C DCLSTART1 
+ ... 

= PHTO R3AU + ... 






If IOP transmits count done 
terminal order, set CDN 


S/CDN 
TORD 


- DAI R TORD 

= IOP NP-.> ED PHTO 


Refer to table 4-1 9 
for terminal order 
operations other thjn 






C/CDN 


= NTCS000 


count done 




If CDN, place (DATA, IN) 
flip-flops to (0, 1) state to 
request an order in service 
cycle during next phase FS 


S/DATA 

NDATASET 

ORDIN 
R/DATA 
C/DATA 

PHFSTOD 
S/IN 

INSET 
C/IN 


= DATASifT NORDIN 
= CND + ... 
= NDATA IN 

= PHFSTOD TCS100-3 
= PHTO + ... 
= INSET NORDIN 
= NDATASET + ... 
- PHFSTOD TCS100-3 


If IOP does not transmit 
termina! order, data in 
service cycles continue 
following return to phase 
FS 
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Table 4-17. Read Order, Phase Sequence Chart (Cont. ) 




Phase 


Function Performed 


Signals Involved 


Comments 


TO 


Whether or not terminal order 






(Cont. ) 


received from IOP: 








Reset PHTO 


R/PHTO = ... 


End phase TO 




Reset NPHFS 


R/NPHFS = PHFSET 


Enter phase FS 






PHFSET = PHTO + ... 







Table 4-18. 


Order In Service 


Cycle, Phase Sequence Chart 




Phase 


Function Performed 


S 


gnals Involved 


Comments | 


FS 


If phase FS follows count 
done terminal order or IOP 
unusual end, (DATA, IN) 
flip-flops are placed in 
state (0, 1) diving previous 
phase TO: 






Service call line held 
true until IOP responds 
with ASCR and FSR 




Raise service rail line SCD 


SCD 
LSL 


= LSL 

= NASCR SCN INC 

+ . . . 






Start TCL deiuy line when 
ASCRand FSR i«ue 


M/SCN = PHFS DCB CYCLE/C 
N(NSCNMEN) 

N(NSCNMEN)= NDATA NRWE NWCHW 
+ . . . 

DCL = CYCLE/C DCLSTART1 
+ ... 


If DATA is not in reset 
state, previously exist- 
ing conditions hold 
N(NSCNMEN)at true 
level 






DCLSTART1 


= PHFS DCB BSYCU 
+ ... 








BSYCU 


= BSYC IOP + ... 








BSYC 


= ASCM ASCR AVIR FSR 
+ ... 






Enable function response 
signals FROD through FR7D 


FROD 
FR1D 
FR2D 
FR3D 


= BSYC SWAO + ... 
= BSYC SWA1 + ... 
= BSYC SWA2 + ... 
= B1YC SWA3 + ... 


(FR0D-FR3D) encode 
device controller 
address 






FR4D 


= BS V C GRD + ... 


FR4D always false 






FR5D 
FR6D 


= BSYC U0 + ... 
= BSYC Ul + ... 


(FR5D-FR7D) encode 
device address 






FR7D 


= BSYC U2 + ... 
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Table 4-18 


. Order In Service Cy 


cle, Phase Sequence Chart (C 


ont.) 


Phase 


Function Performed 


Signa 


is Involved 


Comments 


FS 

(Cont. ) 


If phase FS follows 
detection of controller 
error, place (DATA, IN) 
flip-flops to (0, 1) 


S/DATA 

DATASET 

ORDIN 
C/DATA 

PHFSTOD 
R/DATA 
S/IN 

INSET 
C/IN 


= DATASET NCRDIN 

= NCDN NCDNPET 
NUNE NSKSBK 

= NDATA IN 

= PHFSTOD TCS100-3 

= PHFS DATA 

= INSET NORDIN 
= NDATASET +. . . . 
= PHFSTOD TCS100-3 


(DATA, IN) flip-flops 
must be in state (0, 1 ) 
to request order in ser- 
vice cycle 




Set NPHFS 


S/NPHFS 
C/NPHFS 


= PHFS 

= TCS100-3 


End phase FS 




Set PHFSZ 


S/PHFSZ 


= PHFS 








C/PHFSZ 


= TCS 100-3 


Enter phase FSZ 


FSZ 


Start TCL delay line 


DCL 


= CYC'.F/C PHFSZ + ... 






Reset PHFSZ 


R/PHFSZ 


= ... 


End phase FSZ 




Set PHFSL 


S/PHFSL 


= PHFSZ 


Enter phase FSL 






C/PHFSL 


= TCS 100-3 




FSL 


Start TCL delay line 


DCL 

DCLSTART3 
FSU 


= CYCLE/C DCLSTART3 
+ . . . 

= PHFSL NFSU + ... 

= FSR-IOP + ... 


TCL delay line started 
when FSR goes false 




Reset service call f!io-flop 
SCN 


R/SCN 

SCNRST 
C/SCN 


- SCNRST 

= PHFSL + ... 
= TCS 100-3 


SCN reset to prevent 
additional service calls 




Reset PHFSL 


R/PHFSL 


• • • 


End phase FSL 
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Table 4-18. Order In Service Cycle, Phase Sequence Chart (Cont.) 



Phase 


Function Performed 


Signal 


s Involved 


Comments 


FSL 
(Cont. ) 


Set PHRS 


S/PHRS 

PHRSET 
FSCU 


= FSCU PHRSET 
= PHFSL IN + ... 
= FSC IOP + ... 


Enter phase RS 


RS 


Start TCL delay line 


DCL 

DCLSTART3 
RSAU 


= CYCLE/C DCLSTART3 
+ . . . 

= PHRS NDATA NRSAU 
+ . -. 

= RSAR IOP + ... 






Raise request strobe line 
RSD 


RSD 


= FSC NRSAR (FSCU RSD 
+ PHRS TCS000-2 + ...) 


RSD remains high until 
request strobe acknowl- 
edge signal received 
from IOP 




Load data into O-register 

(TER, INL, 1, UNE)— *-(O00 f 
O01, O03, O04) 


OOO 

OXORDIN 
PHRSNED 

O01 

O03 

O04 


= OXORDIN TER + ... 

= PHRSNED ORDIN 

= PHRS NED 

= OXORDIN INL + ... 

= OXORDIN + ... 

= OXORDIN UNE + ... 


Contents of O-register 
on IOP data iines contains 
(XX01 X000), depend- 
ing on state of flip-flops 




Reset PHRS 


R/PHRS 


= .., 


End phase RS 




Set PHRSA 


. S/PHRSA 

PHRSASET 


= PHRSASET FSCU 
= PHRSNED + ... 


Enter phase RSA 






C/PHRSA 


= TCS100-3 




RSA 


Start TCL delay line when 
request strobe ocknowledge 
signal received from IOP 


DCL 

RSAU 


= CYCLE/C PHRSA RSAU 
+ . . . 

= f<SAR IOP + ... 


IOP accepts duia in 
O-register 




Reset PHRSA 


R/PHRSA 


= ... 


End phase RSA 




Set PHRS 


S/PHRS 

PHRSET 


= PHRSET FSCU 
= PHRSA + ... 


Enter phase RS 






C/PHRS 


= TCS100-3 
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Table 4-18. Order In Service Cycle, Phase Sequence Chart (Cont. ) 



Phase 


Function Performed 


Signals Involved 


Comments 


RS 


Start TCL delay line when 
request strobe acknowledge 
signal RSAR goes false 


DCL 

DCLSTART3 


= CYCLE/C DCLSTART3 
+ ... 

= PHRS NDATA NRSAU 
+ ... 




' 


Raise request strobe line 
RSD 


RSD 


= FSC NRSAR (FSCU RSD 
+ PHRS TCS0O0-3 


RSD remains high until 
RSAR received from IOP 




Reset PHRS 


R/PHRS 


= ... 


End phase RS 




SetPHIO 


S/PHTO 


= PHRS ED 


Enter phase TO 






ED 


= EDSET TCS000-2 
+ ED FSCU + ... 


End data signal set 
internally and latchea 






EDI 


= EDI FSCU 

+ EDISET1 NPHRSA 
+ . . . 




y 




ED1SET1 
C/PHTO 


= NDATA + ... 
= TCS 100-3 




TO 


Start TCL delay lir.e when 
RSAR true 


DCL 

DCLSTART1 


= CYCLE/C DCLSTART1 
+ ... 

= PHTO RSAU + ... 






If end service, reset FSC 


R/FSC 
C/FSC 


= ESR FSC 

= FSC RSD + ... 






If end service, reset DCB. 
If not end service, not 
unusual end, and command 
chaining is ordered by IOP, 
inhibit reset of DCB 


R/DCB 

DCBRST 
DCBRST1 
DCBRSTFN 
CCH 

C/DCB 


= DCBRST 

= DCBRST1 + ... 

= PHTO ORDIN DCBRSTEN 

= N(CCH NES NUNE) 

= IOP DA2R NDA3R 

= NTCS080 






Reset PHTO 


R/PHTO 


= ... 


End phase TO 




Reset NPHFS 


R/NPHFS 
PHFSET 


= PHFSET 

= PHTO+ ... 


Enter phase FS 






C/NPHFS 


= TCSI 00-3 
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Paragraph 4-102 



4-102 Terminal Order Operations 

Every service cycle ends with a terminal order phase during 
which a terminal order may be received from the IOP, as 
indicated in table 4-19. If no terminal order is received 
and no errors have occurred during data processing, the order 
in process continues. The count done terminal order that 
ends every errorless input/output operation is followed by 



an order in service cycle. Interrupt terminal orders and 
unusual end terminal orders are commanded by the IOP and 
may cause the data processing to stop. A command chain- 
ing terminal order can occur only during an order in service 
cycle and causes an order out service cycle to follow the 
order in service cycle. Controller errors are acted upon 
during the terminal order phase, regardless of when they 
occur. 





Table 4-19. 


Terminal Order Operations, Phase Sequence Chart 




Phase 


Function Performed 


Signals Involved 


Comments 


TO 


Start TCL delay line 
IOP Signals 


DCL = CYCLE/C DCLSTART1 

+ CYCLE/C DCLSTART2 
+ ... 

DCLSTART1 = PHTO RSAU + ... 

DCLSTART2 = PHTO ES + . . . 






If count done, set CDN 


S/CDN = DA1R TORD 

TORD = IOP NES ED PHTO 
C/CDN = NTCSOOO 


Indicates al! data has 
been transferred for 
read, write, or check- 
write operation. Reset 
during next order out 
service cycle 




If interrupt, set CIL 


S/CIL = DAOR TORD 
C/CIL = NTCSOOO 


Reset by AIO command. 
New SIO ccnr.ot be ac- 
cepted until CIL is reset. 
The order in process goes 
to completion 




If unusual end, set UNE 


S/UNE = DA3R TORD 
C/UNE = NTCSOOO 


Reset by new SIO 




If UNE or CDN set, reset 
DATA and set IN to request 
order in service cycle t pon 
return to phase FS 


S/DATA = DATASET NORDIN 

DATASET = NCDN NCDNPET NUNE 
NSKSBK 

ORDIN = NDATA IN 
C/DATA = PHFSTOD TCS100-3 

PHFSTOD = PriTO + ... 
S/IN = INSET NORDIN 

INSET = NDATASET + ... 
C/IN = PHFSTOD TCS100-3 
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Table 4-19. 


Te 


rminal Order Operations, Phase Sequence 


Chart (Cont. ) 


Phase 


Function Performed 


Signals Involved 


Comments 


TO 
(Cont.) 


Reset PHTO 




R/PHTO = ... 
C/PHTO = TCS 100-3 




End phase TO 




Reset NPHFS 




R/NPHFS = PHFSET 

PHFSET = PHTO + ... 
C/NPHFS = TCS100-3 




Enter phase FS 



4-103 EP RAD SELECTION UNIT 

The EP RAD selection unit either accepts data signals and 
control signals from the EP RAD controller and writes Man- 
^^ester-encoded data on the magnetic surfaces of the disc 
'VBt or reads Manchester-encoded data from the disc file 
and transmits data signals and control signals to the EP RAD 
controller. A maximum of eight LP RAD selection units 
may interface with one EP RAD controller. Each EP RAD 
selection unit interfaces with one disc file. 

All EP RAD selection units of an EP RAD file are connected 
to the associated EP RAD controller by a common cable as- 
sembly, as indicated in figure 3-1. Interface signals com- 
mon to the EP RAD controller and to all EP RAD selection 
units of an EP RAD file are listed in table 4-20. Signals 
geneieted by an EP RAD selection unit or received by an 
EP RAD selection unit are valid only if the EP RAD selec- 
tion unit is addressed by the EP RAD controller. 

4-104 ADDRESS CIRCUITS (See figure 6-5) 

Signals ID0R, 101 R, and 1D2R, which are transmitted from 
the U-register of the controller, provide inputs to ail se- 
lection units. For one selection unit, the address encoded 
Ai'.e signal levels matches the address encoded by switch 
^^^ings of the LT26 Switch Comparator module, causing 
signal SEL for the addressed selection unit to be true. If 
no power failure has occurred (NPDLY true), signal DVT 
is true, generating a true device test signal DVTD. In 
response to an accepted SIO command, the controller gen- 
erates a true SLNR signal. As signal SLNR goes false, flip- 
flop USLA of the addressed selection unit (SEL true) is set. 
Once signal USLA is true, signals US LB, TYPO, TYP1, and 
DVOD are true, and interface slnncls for the addressed se- 
lection unit are valid. 

4-105 TRACK REGISTER (See figure 6-6) 

The track register, which consists of flip-flops TR0 through 
TRIO, is cleared by a true PDLY signal. 

: (EAR0-EAR10) = PDLY 

The track register is a serial register clocked by signal 
^CIR, which is generated by the controller. While the 



selection unit is addressed, the track register is loaded with 
an 1 1 -bit track address during each intersector gap time. 
Signal SCI R is true 11 times, and the track address bits are 
accepted from the controller through signal TRKR. (The 
tv/o most significant bits should always be zeros. ) 



SAR0 
SARI 



= TRKR USLA 



= TR0 



S/fR10 = TR9 

(CAR0-CAR10) = SC1R 

Outputs of the track register address one cf the 512 read/ 
write heeds and permit reading from or writing into the 
track associated with the addressed read/write head. Sig- 
nals from TR2 through TR5 are used in the memory protect 
circuits. 

4-106 MEMORY PROTECT CIRCUITS (See figure 6-8) 

The memoty protect circuits accept output signals frcm the 
four mo-t significant bits of the track register (TR2, TP3, 
TR4, and TR5) and generate 16 output signals, as summarized 
in table 4-2]. For any possible combination of the four in- 
puts, one of signals NGT01 through NGT16 is false. If the 
switch associated with the signal is ciosed, signal TRP is 
driven false. If the selection unit is addressed, signal USLA 
is true and a true TRPD signal is generated t:> indicate that 
the addressed track is write -protected. If an order ciher 
than write is being executed, signal TRPD does not affect 
operation of the controller. Tracks must be protected in 
groups of 22, as indicated in table 4-21 since the four most 
significant bits of any address cause all tracks in that range 
to be protected. 

4-107 ANGLE REGISTER (See figure 6-9) 

The angle register, which consists of flip-flops AN0 through 
AN3, is cleared to 0000 by index pulse IP. 

(E/AN0-E/AN3) = IP 
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Table 4-20. EP RAD Selection Unit Interface Signals 



Signal 


Function 


/AN0/-/AN3/ 


Sector address (angle) data to controller. & four -bit code which indicates the 




address of the sector currently under the read/write heads 


/DAI/ 


Data signal to controller. Developed frore Manchester-encoded data written on 




disc file 


/DAT/ 


Data output to storage unit from D07 of controller 


/DS/ 


Data strobe to controller. Developed from Manchester-encoded data. Provides 




the clock signal associated with /DAI/ 


/DVT/ 


Device test signal to controller 


/DVO/ 


Device operational signal to controller 


/ID0/-/ID2/ 


Device address signals from controller. The selection unit controls signal levels 




on the common cable assembly only if the tfevice address signals match the address 




set in the module 


/IP/ 


Index pulse to controller. Generated once per revolution of the disc 


/NMNRST/ 


Manual reset signal from controller. Developed by signal NPWRMON 


/PWRMON/ 


Signal to controller. True when power circuits operating properly 


/SAI/ 


Sector amplified enable signal from controller. True after track address has been 




shifted from controller to addressed selection unit during intersector gap time 


/SCI/ 


TraJc and sector shift clock. True 11 times during intersector gap time to permit 




output of TRKR to be stored in track register 


/SC2/ 


Data clock from controller. True during execution of write order to enable 




Manchester -encoded data to be stored on &e 


/SLN/ 


Select now signal from controller. True when an SIO command is accepted 


/SP/ 


Sector pulse signal to controller. True 11 times for each revolution of xf\t disc 


Ark/ 


Track address bits from controller. Read uraier control of signal /SCI/ 


/TRP/ 


Track protect signal to controller. True wSien controller attempts to write in a 




write -protected track 


/TYP0/-/TYP1/ 


Storage unit type signals to controller. Far EP RAD storage unit, both signals 




are true 


/Wen/ 


Write enable signal from controller. True during execution of write order, after 




read/write enable flip-flop in controller is set 
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Table 4-21 


. Memory Protect 


Signals 






TRACK REGISTER OUTPUTS 




TRACKS 
PROTECTED 


OUTPUT 
SIGNAL 


TR2 


TR3 


TR4 


TR5 














0-31 


NTG01 











1 


32-43 


NTG02 








1 





64-95 


NTG03 








1 


1 


96-127 


NTG04 





1 








128-159 


NTG05 





1 





1 


160-191 


NTG06 





1 


1 





192-223 


NTG07 





1 


1 


1 


224-255 


NTG08 


1 











256-287 


NTG09 


1 








1 


288-319 


NTG10 


1 





1 





320-351 


NTG11 


1 





1 


1 


352-383 


NTG12 


' 


1 








334-415 


NTG13 


1 


1 





1 


416-447 


NTG14 


1 


1 


1 





448-479 


NTG15 


1 


1 


1 


1 


480-511 


NTG16 




t input to each flip-flop is '•*$■ complement, so a flip- 
;es from the set state to th.? reset state on the falling 
f a clock signal. 



S/AN0 =' NAN0 

S/AN1 = NAN1 

S/AN2 = NAN2 

S/AN3 = NAN3 

The clock signal for flip-flop AN3 is the complement of 
sector pulse SP, so that it changes state on the rising edge 
of each sector pulse SP. The clock signal for other flip- 
fiops is the complement of sector pulse SP gated with out- 
puts of other flip-flops. 

C/AN3 = NSP 

.X/AN2 - NSP AN3 



C/AN1 = NSP AN3 AN2 

C/AN0 = NSP AN3 AN2 AN1 

Therefore, the angle register changes state ct the rising 
edge of each sector pulse, counting in binary sequence 
from 0000 to 101 1, in which AN3 represents the least sig- 
nificant bit and AN0 represents the most significant bit. 
After the angle register reaches 1011, the index pu Ice clears 
it to 0000. 

4-108 HEAD SELECTION MATRIX 

Selection of a reod/write head is controlled by outputs of 
the track register which select a read/write head through 
the LT76 Read/Write Coupler modules and the RT1S Y- 
Select modules. (See figure 4-27.) The selected reed/ 
write head either provides inputs to the LT76 module for 
transmission to the controller or accepts signals from the 
controller which enable writing dcta on the disc file. 
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READ/WRITE COUPLER LT76 



DATR 



SC2R 



NWEN 



Ql 
Q9 



Q10 
Qll 



20B 



NMC3 



READ/WRITE COUPLERS 
IN LOCATIONS 
17B,18B,19B 

b &/_*?_ J 




s ^^ 



*T2/4J3r 4-| <-«*„.. 



V- 



READ/W.RITE COUPLERS 

IN LOCATIONS 

13§, 14B, 15B 



| READ/vVRITE COUPLER LT76 „ 7T\ 



12B 



32 PAIRS OF 
SIGNALS TO 
"READ/WRITE 
HEADS 



Figure 4-28. Write Channel, Schematic Diagram 
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WRITE DATA 
FROM V.-TE 
CHANNEL 

READ/DA 'A 
TO READ 
CHANNEL 



J17B 



NTR2- 
TR3 
TR4 

WRTAMP1 • 

Niw/r-iT A » if")l 
IVVK I M/V\T I 

WENR 
RDX03POS 
RDX03NEG' 




TR6B 
NTR5 



P17B 



1 
2 

3 

13 

14 

6 

9 

11 



READ/WRITE COUPLER LT76 



x£ 



P17B 







Ql - Qll 






y 








« 


















f- 




r 







37 
36 
35 
34 

27 
28 
23 

24 



HEAD SELECT MATRIX 



j 17B Zo€—l*3 

2X03S 




2X03F 






TRACKS 
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Figure 4-30. Write Signals, Timing Diagram 



4-111 LOGICAL SPARING CIRCUITS 

The logical sparing circuits (figure 4-33) consist of two 
BT12 Binary -to-Octal Decoder modules, eight LT105 Spares 
Selector modules, one RT1P V-Select module, and asso- 
ciated logic elements. These circuits control the selection 
of one of the 64 spare read/write heads in place of a XDS- 
assigned read/write head. Signals TRM1 X2, TRM1X3, and 
TRM1X4 selec* one of eight LT76 Read/Write Coupler mod- 
ules, as described in paragraph 4-108. When logicol spar- 
ing is used, signals SPSEL, S°0- SP1, and SP2 cause one of 
signals YSP0 through YSP7 ro be true, providing a Y-select 
signal which activates a spar, read/write head. 

Figures 6-10 through 6-13 indicate the correspondence 
between the 512 read/write heads and the 512 track ad- 
dresses as assigned at XDS. if a read/write head fails or if 
the circuits between the LT/6 module and the read/write 
head fails, one of the 64 spare read/write heads can be 
assigned to the track address by changing wiring on one of 
the eight LT105 Spares Selecto r modules. 

If logical sparing is not used ; signals NSPSEL, NXSP2, 
NXSP3, and NXSP4 are true, and signals TRM1X2, TRM1X3, 
and TRM1X4 are controlled by outputs of track address reg- 
ister flip-flops TR2, TR3, and TR4. Also, a false SPSEL 
signal inhibits gates in the RT18 module used in the spares 
select logic, so that all Y-select signals for the spare read/ 
write heads are false. If logical sparing is used, signal 
SPSEL is true and one of the spare read/write heads is ad- 
dressed in place of the normally assigned read/write head. 

The BT12 modules provide 24 signals which represent all 
track address register signals in octal notation. Signals 



X0 through X7 represent the most significant (sixty-fours) 
digit; signals YM0 through YM7 represent the next most 
significant (eights) digit; signals YL0 through YL7 represent 
the least significant (units) digit. A track address for which 
a spare read/write head is assigned is detected by an LT105 
module (figure 4-34). 

If logical sparing is not used, each of the eight input gates 
of the LT105 module is connected to ground, so that signals 
NSP0, NSP1, NSP2, NSPSEL, and the module identifica- 
tion signal (NMOD1 through NMOD8) are true. When 
log = c sparing is to be used, the ground connection is removed 
from one input gate, and the address of the track to be 
spa-ed is encoded at the input gate disconnected from ground. 
When that track is not addressed, the output signals are all 
true. When that track is addressed, the signals 'o the as- 
signeJ input gates are true, the output of the assigned gate 
is false, and the LT105 module output signals are as indi- 
cated in figure 4-34. Signals NSPSEL, NSP0, NSPi, and 
NSP2 cause one output of the RT18 module to be true, pro- 
viding a Y-seiecf signal. The module identification signal 
generates a combination of signals NXSP2, NXSP3, and 
NXSP4 that selects one of the LT76 modules. Therefore, 
one cf the 64 spare read/write heads is addressed in place 
of the initially assigned read/write head. Figure 4-35 il- 
lustrates the logic elements involved for sparing track ad- 
dress 221 (octal 335). 

4-112 TYPICAL OPERATIONS 

Table 4-22 outlines the sequence of EP RAD file operations 
in response to an SIO command, followed by a sense order, 
a seek order, ond a write order. This sequence of opera- 
tions is typical. The sense order detects the sector currently 



4-141/4-142 



XDS 901565 



r 



READ AMPLIFIER HT42 



16B 



RDXXrOS 
RDXC1POS 
RDX02PO3 
RDXC2-GS 
RDXG4POS 
RDXC5POS 
RDXG6=OS 

RGXirtos 

RDX:7NEG 
RDXC-dNEG 
R D X C : N E G 
RDXC^NEG 

RGXC2NEG 
RDXC: NE^ 

RDX3CNEG 



13A 



iLCC.OLY 



12 



Ll/.'i'N: 



LlMiTPOS- 



30 



35 



Q1,Q2, 

Q3 



(ix) 



i r 



LIMITER HT44 





Ql -Q9 



16B 



I6A 



35 



RDAMPNEG 



RDAMPPOS 



35 



39 



fix) 



Ql -Q10 



4-J 



DATA DECODER LT77 



Q4- Q13 



R20 



Q14 



Q17, Q18,Q19 



Q15,Q16,A1 



13A 



20 



24 



1 



16A 



23 



CLOCK DISCRIMINATOR AT51 



1 



}5A 



CLOCKPOS 



CLOCKNEG 



21 



Q1-Q4 



Q17- 
Q20 



Q15, 
Q16 



P 

<1 R33 

Q5- 
Q9, Q12, 
Q13.Q14 



Q21 



15A 



41 



27 



CLOCKDLY (TO 1177) 

i PULSE PACKING COMPENSATOR LT85 



I4A 



CLKUNDLY 



L1M1TNEG 



LIMITPOS 



DAID- 
NDAID- 



23 



1 



Ql -Q13 

P 

f R20 



:A3LE DRIVER ATI 2 



1 



5A 



DSD 



-»-USLB(UNIT SELECTED INPUT) 



DAID 



NDAID 



12 



V 



5A 



3P2 



5P2 



/DAI/ 



JO DEVICE 
CONTROLLER 



:-iiJ 



J I 



Q14 




Q15-Q17 
Al 



I4A 



J 



■LONGSTRB 



Figure 4-31. Read Channel, Schematic Diagra 



m 



901 i>6!> A. 406 



4-143/4-144 



XDS 901565 



RDX / V 














X 

L 


UMITPOS j 














CLOCKDLY [ | 




_n_ 








— 


t~l 


(DATA) (1) 


0) 


(0) . 


0) 


0) 


0) 


(0) 


0) 

901 565 A. 431 



Figure 4-32. Read Signals, Timing Diagram 



under the iead/write heads of the EP RAD storage unit. 
The seek oider provides a track number and sector number 
at which execution of the following order is to begin. (A 
program using this sequence assures minimum delay while 
waiting for an addressed sector because the available sector 
is addressed in constructing the seek order.) The write order 



follows the order which stored the addressed location. The 
table provides references to paragraphs, pha c e sequence 
charts, and illustrations which provide details of the opera- 
tions outlined. Figure 4-36 shows major elements of the 
EP RAD controller and can be used with other reference 
material to review operation. 



Table 4-22. Typical Operations of the EP RAD File 



Operation 


References 


The IOP address an SIO command to th<* EP RAD 
control !er and one "f eight (maximum) EP RAD 
storage units. The S'O command is accepted if: 

a. The EP RAD controller has priority 

b. The EP RAD controller and EP RAD 
storage unil are ready 


Function strobe and function indicators (par. 
and table 4-1) 

SIO function indicator (par. 4-17) 

Phase control circuits (par. 4-22) 

Phase sequence chart (table 4-10) 


4-10 


c. No interrupt is pending 


Flow diagram (fig. 4-8) 




During the order out service cycle, the sense 
order code is stored in the order register 


Phase sequence chart (table 4-1 Z) 

Order register (par. 4-31) 

Order signals (table 4-2) 

Flow diagram (fig. 4-8) 

Phase control circuits (par. 4-24) 




During the following three data in service cycles, 
data is transferred to the IOP 


Data path (fig. 3-5) 
Timing diagram (fig. 4-25) 





(Continued) 
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Table 4-22. Typical Operations of the EP RAD File (Cont. ) 



Operation 


References 


a. Write protect bit from selection unit and 
five track address bits from T-register 

b. Four track address bits from T-register and 
four sector address bits from S-register 


Phase sequence chart (table 4-14) 
Flow diagram (fig. 4-8) 
Byte counter (par. 4-33) 


c. Four current sector bits from selection unit 


O -register (par. 4-38) 




K-register (par. 4-57) 




T-register (par. 4-68) 




S-register (par. 4-67) 




Address circuits (par. 4-104) 




Memory protect circuits (par. 4-106) 


During the order in service cycle, command chaining 
- permits the order out service cycle to follow 


Phase circuits (par. 4-29) 

Phase sequence chart (table 4-18) 




Flow dicgram (fig. 4-8) 


During the order out service cycle, the seek order 
cede is stored in the order register 


Phase sequence chart (table 4-13) 
Order register (par. 4-31) 




Order signals (table 4-2) 




Phase control circuits (par. 4-24) 




Flow diagram (fig. 4-8) 


During the following two data out service cycles, 
data is transferred from the IOP 

a. Five bits of track address 

b. Four bits of track address and four-bit 
sector address 


Data ;~-oth (fig. 3-4) 
Timing diagram (fig. 4-26) 
Phase con f rol circuits (par. 4-26) 
Flow aiagram (fig. 4-8) 




Phase sequence chart (table 4-15) 




Byte counter (par. 4-33) 




I-register (par. 4-37) 




J -register (par. 4-39) 




T-register (par. 4-68) 




S-register (par. 4-67) 



(Continued) 
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Table 4-22. Typical Operations of the EP RAD File (Cont. ) 



Operation 


References 


During the order in service cycle, command chaining 


Phase circuits (par. 4-29) 


permits the order out service cycle to follow 


Phase sequence chart (table 4-18) 




Flow diagram (fig. 4-8) 


During the order out service cycle, the write order 


Phase sequence chart (table 4-13) 


code is stored in the order register 


Order register (par. 4-31) 




Order signals (table 4-2) 


- 


Phase control circuits (par. 4-24) 




Flow diagram (fig. 4-8) 


During execution of a write order, the number of 


Data path (fig. 3-6) 


data out service cycles depends upon the number of 
data bytes to be transmitted and the byte width of 


Phase control circuits (par. 4-27) 


the IOP interface. After all data bytes have been 
transferred, the IOP transmits a count done terminal 


Flow diagram (fig. 4-8) 


order 


Phase sequence chart (table 4-16) 




I -register (par. 4-37) 




JP-register (par. 4-43) 




J -register (par. 4-39) 




FAM circuits (par. 4-46) 




L -register (par. 4-45) 




KP -register (par. 4-44) 




Y -register (par. 4-57) 




D-register (par. 4-58) 




5- -register (par. 4-66) 




Preamble (par. 4-61) 




Checksum (par. 4-71) 




Address increment (par. 4-70) 




Terminal order (table 4-19) 


During the order in service cycle, the EP RAD 


Phase circuits (par. 4-29) 


controller disconnects from the IOP 






Phase sequence chart (table 4-18) 




Terminal order (table 4-19) 




Flow diagram (fig. 4-8) 
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Figure 4-34. LT105 Spares Selector Module, Simplified Logic Diagram 
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Figure 4-35. Logical Sparing Circuits for Track 221 (Octal 335), Simplified Logic Diagram 



4-150 



XDS 901565 



7<- EDX2 /- 



ORDP1-ORDP4/ 

I 

ORDXPET 



/DA0-DA7/ 
[ 



, DR0-DB7/ ,T>CO-DC7/ 



/ EDX4 A- 



DX2 /- 





f 




ORDXIOP 
1 


' 




' 






\ 


ORD0 


ORD1 


ORD2 


ORD3 


ORD4 



ORDX0 lxD ' ] 



D/< h 



FR3-7 /— FR0D-FR7D- 



SEEK SENSE CHWR WRITE READ 1X0- 



— 


FS'J 








PhFSL 








ca 








SCN 



3KX1EN PHRSAOO 



1 1 




V 




u 


BkZZ 


BKO 




6KZW 


BM 




B KV, Z 






B KV, V, 







-=* IXl-i, kXR,CXSf NSE1 
=> TXJ , 1X1-2, 1XR-1, kXSENSEl 
-* SXJ, 1X1-3, IXR-2, KXSENSE2 
=^> 1XR-3 



JX11B JX1N1E 



^~,--[ 



JXD- 

PHRSDO TCS000- 

JF1KESET RV. RITE TRS1SC- 

PhRSAOO - 



JXDP 



JXE) 



/ .ES /- 



123 JFXL 

PHRSAOQ 



R-A RITE TRS03G 



^— •- LO-L3 l— 



RREAD TRSG30 



R\'. RITE 'R5 1 30 
i 



FAM (FT25^ 8x1 6 



t 



, DD0-DD7/ 



1XR-1 1X0-2 1XD-2 IXR-2 IXD-3 1X0-3 1XR-3 1XD-4 1X0-4 

i I I J I I I I i 



1X1-1 



1X1-2 



1X1-3 
_J 



BX1MED 



t f 1 



SECP 



T 



TD DELAY LINE 



TDL0OO- 
TDL020- 
TDL040- 
TDL060- 
TDL080- 
TDL100- 



TC DELAY LINE 



TCL000- 
TC1050- 
TCL080- 
TCL100- 
1CL130- 
TCL300- 



TR DELAY LINE 



TRL000- 
TRL030 - 
TRL060- 
TRL090 - 
TRL130- 
J TRL1S0- 

TRL240 
TRL270 ■ 
TRL300- 



^ 



U- 



1 1 



l£ 



JUL 



J 1 



IXPRE ► XR KXSENSU 



!Sf. T RR1 AD TR51;iC - - 



XSE -SE2 

i 




PXS 

_jL_ 



-J PO 



r- PXSR *\ P0O-P06 I P07 



r I ' 

PRE |DAR(m pi 5 

i ^ 

D0/(J X P15 l - 



Jt_ 



PI! P12 P14 P15 



DCBSET 
! 



-/ID0-1D2 



S10POSS-«- SLND 



IBM !0 . 
PMRSAi )<J 



PHI 




Rl 1 


Rk2 


RK3 


PI 4 



R! '/PT /, Pi P, 
'CR, '.PI AD, 
S.'.RITl 



OXAIOST PXPRDIN 



i+ 



J_ 1 



ClK3MH WRITE 



EXT CLK.3MH DSE 
-EXT C1.K3MH CLK 



RWE WRITE — *- 


V. END 




, , 




—f <t 








RWE READ •> 


REND 


— / RfN 




' 










EXT 


■*- 


-/ TYP1 



1 i 



-/ AN0-AN3 



-f DVO 
-/ TRK 



- DRi Si T Y+-. / PY.'MONR, 
MNRST A- 



u^ 



]— / DAI / (JS 

DAM A-^ US 



f iXK-4 



OOO-^P? 



DAO-7 
I 



DBO- 7 



[iro- 7/ 



DDO-// 

- 1 



Figure 4-36. EP RAD Controller 



Detailed Block D i a g r a rn 



901 565 A. 435 



1-151/4-152 



XDS 901565 



Paragraphs 5-1 to 5-2 



SECTION V 
LOGIC EQUATIONS AND GLOSSARIES 



5-1 GLOSSARIE S 

Definitions of EP RAD file terms are contained in table 
5-1. Table 5-2 contains a glossary of EP RAD controller 
signals and table 5-3 contains a glossary of EP RAD 



selection unit signals. All glossaries are in alphanumeric 
sequence. 

5-2 LOGIC EQUATIONS (See tables 4-8 through 4-19. ) 



Table 5-1. Glossary of EP RAD File Terms 



Term 


Definition 


B-counter 


Flip-flops BOO through B12. Counts bits and bytes during exe- 




cution of read order, write order, or checkwrite order 


Byte counter 


Flip-flops BKO and BK1. Used during execution of all order 1 ; 




to count bytes of a service cycle 


Condition code 


A two-bit code transmitted from the EP RAD file which indicates 




the status of the EP RAD file to the IOP 


Daia in service cycle 


A service cycle enuring which data bytes are transferred from the 




EP RAD file to the IOP 


Data out service cycle 


A service cycle J^r'ng which data bytes are transferred from the 




IOP to the EP RAD file 


D-register 


Flip-flops D00 through D07. Used during execution of write 




order or checkwiite order to transform data format from parol iei 




to serial. Used during execution of read order to transform du*a 




format from serial to parallel 


Enc' data signal 


Signal ED, which may be generated by either the IOP or the 




EP RAD controller and which causes an end to data transfer 


End service signet 


Signal ES, which is generated only by the IOP and which causes 




an end of the inpu*/output operation 


Fast access memory (FAM) 


FT25 module which stores a maximum of 16 addressable bytes. 


module 


Receives data inputs from J- register and address inputs from L- 




register. Outputs of addressed register are designated RGO 




through R07 


FAM read cycle 


A cycle of operation of the fast access memory (FAM) circuit, 




during which a byte is transferred from the addressed location 




in the FAM module to the K-register or the I-register 


FAM write cycle 


A cycle of operation of the fast access memory (FAM) circuit 




during which a byte is transferred from the J-register to the ad- 




dressed location in the FAM module 


Function indicator 


A signal that indicates the type of function (AIO, ASC, HIO, 




TIO, TDV, or SIO) 

ii . ■ . . ..I . n 



(Continued) 



5-1 



XDS 901565 



Table 5-1. Glossary of EP RAD File Terms (Cont. ) 



Term 


Definition 


Function response signals 


Signals FROD through FR7D. Signals transmitted to the IOP in 




response to a function strobe (FSR) and a function indicator signal 




(AIOR, ASC, SIOR, TDVR, TIOR, HIOR) 


Function strobe 


A signal /FS/ generated by the IOP to indicate that a response is 




required of a controller 


Indicator signals 


Signals IND01 through IND16. Signals sent to the PET to indi- 




cate state of EP PAD controller during test 


IOP byte signals X 


Signals DAOR through DA7R, DBOR through DB7R, DCOR through 




DC7R, and DDOR through DD7R. Transfer data between the 




controller and IOP. Signals DAOR through DA7R are also used 




for exchange of orders 


I-register 


Consists of basic I-register (100 through 107) and extended I- 




register (108 through 131). Stores data from either the FAM 




circuit or the IOP 


JP-register 


Buffered latches JP0 through JP3. J-pointer register establishes 




the FAM module location for input 


J-register 


Buffered latches J00 through J07. Accepts data from the I- 




register or D~reglster for transfer to the FAM circuit 


KP-regisfer 


Buffered latches KP0 through KP3. K-pointer register, which 




establishes the FAM .r.odule location for output 


K-register ^ 


Buffered latches K00 through K07. Accepts data from the FAM 




module for transfer to O-register, I-register, or D-register. 




During execution of aense order, accepts data from S-register 




and T-register for transfer to O-register 


L-register 


Buffered latches LOO through L03, and NL03. Addresses the 




FAM circuit and causes incrementing of KP-register or JP- 




register 


Order code 


A five-bit code indicating the type of order to be executed by 




the controller (read, write, checkwrite, seek, or sense) 


Order in service cycle 


A service cycle during which order information is transmitted 




from the controller tc the IOP 


Order out service cycle y^ 


A service cycle during which an order code is accepted from 




the IOP 


Order register 


Flip-flop ORDOand buffered latches ORD1 through ORD4. 




Stores order code (seek, sense, read, write, or checkwrite) 




during execution of ordar 


O-register < 


Consists of basic O-register (O00 through O07) and extended 




O-register (O08 through 031). Stores data for transfer to com- 




puter memory under control of IOP 


PET 


Peripheral Equipment Tester Mode! 7901 



(Continued) 
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Table 5-1. Glossary of EP RAD File Terms (Cont. 



Term 


Definition 


PET data signals 


Signals DP00 through DP07. Signals received from the PET to 
simulate signals DAOR through DA7R during offline test 




Phase control circuits 


Flip-flops NPHFS, PHFSZ, PHFSL, PHRS, PHRSA, and PHTO 
and associated circuits. Establish phase of controller and re- 
spond to subcontroller outputs and internal timing and control 
signals 




P-register y 


Flip-fiops POO through PI 5. Used to generate checksum during 
execution of read order, write order, or checkwrite order, and 
to increment track address and sector address during intersector 

gap 




Read sequence 


The sequence of operations (service cycles, data transfers) that 
takes place during execution of a read order 




Request strobe acknowledge 
signal 


RSAR signal which is generated by the IOP to indicate that a 
data exchange has taken place in response to an RSD signal 




Request strobe signal 


RSD signal which is generated within the controller to request 
a data strobe from the IOP, causing a data transfer betweer. 
the IOP and the controller 




RK-counter 


Flip-fiops RKO through RK4. Indicates the number of active 
bytes in the FA/v'. module during execution of read order,, write 
order, or checkwri'c order 




Sector address 


A four-Lit code vvhich addresses one of the 12 sectors of each 
track 




Service call signal 


SCD signal which \s, generated by the controller when service is 
required for date t r anster 




Service connect 


A state of the controller in which data transfers between the 
IOP and the coniirller may occur 




Service cycle code 


A two-bit code indicating the type of service cycle requested 
by the controller 




S-register 


Buffered latches SUO through S03, and NS03. Stores sector 
address 




Subcontroller 


A standard set of modules which form part of every device con- 
troller and which monitor and respond to IOP signals 




Terminal order 


An optional order following execution of a seek order, sente 
order, write order, read order, or checkwrite order, which indi- 
cates count done^ interrupt, channel end, unusual end, or. 
command chaining 




Track address 


An 11-bit code which addresses one of 512 tracks on the surfaces 
of the disc file. (Only 9 of the 1 1 bits are used) 




T-register 


Buffered latches TOO through T10. Stores track address 
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Table 5-1. Glossary of EP RAD File Terms (Cont. ) 



Term 


Definition 


Unit address 
U- register 
Write sequence 


A three-bit code which addresses one of the eight (maximum) 
EP RAD storage units in an EP RAD file 

Flip-flops UO through U2. Stores address of EP RAD storage 
unit 

The sequence of operations (service cycles, data transfers) that 
takes place during execution of a write order 



Toble 5-2. Glossary of EP RAD Controller Signals 



Signal 


Definition/Function 


/AIO/ 


Acknowledge input/output function line. Causes highest priority device with 
interrupt call line raised to send status and address data. Transmitted from 
IOP to device controller 




AIOC 


Acknowledge I/O control Enables gating of status for AIO if controller is 
the highest priority device with interrupt call line raised 




> AIOM 


Acknowledge I/O monitor. Indicates that controller has raised interrupt call 
line. Enables BSYC and AIOC if true, enables /AVO/ if false 




AIOR 


Acknowledge ]/0 receiver 




ALT 


Flip-flop which alternates a write orde^ with the order encoded in the PET 
panel switches, and provides for skipping revolutions when writing in single 
track mode 




ALTCK 


ALT clock 




ALTCKEN 


ALT clock enable 




ALTORD 


PET-generated simulation of ALT 




ALTYP2 


ALT signal for extended performance (TYP2) use 




/AN0/-/AN3/ 


Sector address (angle) data from selecrion unit 




(AN0R-AN3R) 


Sector address receivers 




AN10TYP2 


Equivalent to AN! R or EXT 




/ASC/ 


Acknowledge service call function line. Causes highest priority device with 
service call line raised to send address data 




ASCB 


Acknowledge service call buffer. Enables setting FSC if the controller is the 
highest priority device with service call line raised 




ASCM 


Acknowledge service call monitor. Indicates that the controller has raised 
a service call. Enables ASCB and BSYC if true; enables AVO if false 




ASCR 


Acknowledge service call receiver 




/AVI/ 


Available input priority line. Driven by the IOP to the highest priority con- 






troller. Passed on by inactive controllers as signal AVO 
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. ) 



Signal 


1 
Definition/Function 


AVIR 


Available input receiver 


/AVO/ 


Available output line 


AVOD 


Available output driver. Driven by any controller that is not addressed or 
that does not have priority for an interrupt or service call 


(B00-B12) 


B-counter: (B00-B09) for byte count, (B10-B12) for bit count 


B05CK 


B05 clock 


B09X1 


Store a one in B09 


BCE 


B-counter count enable. Permits (B00-B05) to be incremented by clock 




signals 


BFSD 


Buffered function strobe delayed. Gates TIO, SIO, and HIO status to FROD 
through FR7D 


BIT7RWE 


Read/write enable and bit number 7 (binary 111). Times parallel transfer of 
/non nn7\ »- / inn i07> zi'cm vr\~F\ :u_/nnn nfY7\ 


\uv<j-uv/) ■" ^juu-ju/y or {is.uu— iw// ta ~(u\j\J— \j\jf ) 


BK0-BK1 


vl Byte counter for seek, sense, and expanded interface byte handling 


BKWW 
BKWZ 
BKZW 


► 


Byte counter decodes: ZZ = (0, 0); ZW = (0, 1);WZ = (1, 0); WW = (1, 1) 


BKZZ 






BSYC 


Busy control. Gates the address data to FROD through FR7D for an ASC or 
AIO when priority recognized, thus defining the busy device for the IOP 


1 
BSYCU | Busy clamp latched from PHFSL to PHFS 
j 


i 
BXO | Clear B-counter 


BXJMED 


Preset term for B-counter (used on 360-byte sector medium speed controller) 


BYT1ID 
BYT2ID 
BYT4ID 


> 


Identify width of IOP interface (one, two, or four bytes) 


CCH 


Command chaining bit in terminal order from IOP 


CDN 


Count done flip-flop. Causes order in when set by IOP to indicate end of 
data transfer 


CDNPET 


PET simulation of CDN flip-flop 


CER 


Flip-flop set if checkwrite error or if preamble synchronization pattern 
missed 


CERM 


Mark flip-flop CER 


CERSET 


Set fiip-fiop CER 
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Tcbfe 5-2. Glossary of EP RAD Controller Signals (Cont.) 



Signal 


Definition/Function 


CHWER 


Checkwrite error; set CER on noncomparison of disc file data and D-register 
output during checkwrite operation 


CHWEREN 


Checkwrite error enable 


CIL 


Interrupt call flip-flop may be set by I OP during terminal order 


C1LRST 


Reset CIL, true for AIO function indicator 


/CL1/ 


Clock 1 MHz. 1.024 MHz signal from the CPU via the IOP 


CL1R 


Clock 1 MHz receiver 


CLIR 


Clock signal from IOP 


CLK 


Clock divider flip-flop; creates a 1.5 MHz clock when controller is used 
as medium speed controller 


CLK3MH 


3 MHz clock 


CNTRCLKP 


Clock sent to PET 'o increment its internal counter 


CSLI 


Service call inhibit. A delay of 100 to 350 ns to allow control logic to 
settle between disconnecting a service cycle end raising a new service call 


CYCEN 


Control cycle enable term used in single-phase mode (PET) 


CYCLE/C 


Control cycle enable; indicates when a phase cycle is possible (TCL delay 
line) 


CYCLER 


FAM cycle enable; ind-cates when rv\M cycle is possible (TRL delay line) 


(DO0-DO7) 


D-register; the register which shifts data between storage unit and con- 
troller 


D07SET 


Set D07; presets D07 when the T-reglster and the S-register are to bs in- 
cremented 


/DA0/-/DA7/ 


Bidirectional communication lines. Signals between the IOP and controller 
are transferred via these lines. The information carried includes device ad- 
dress, AIO status, orders, terminal orders, operational status bytes during 
order in, and data byte 1 


(DA0D-DA7D) 


Data line drivers 


(DA0R-DA7R) 


Data line receivers 


/DAI/ 


Data signal from storage unit to controller 


DAIR 


Data receiver 


/DAM/ 


Manchester-encoded data to medium speed RAD storage unit 


DAMD 


Medium-speed RAD data driver 


DAR 


Synchronized data flip-flop; set by DAIR end DSR 
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. ) 



Signal 


Definition/Function 


/DAT/ 


Data output to storage unit from D07 


DATA 


Data/order flip-flop; set for data, reset for order 


DATAIN 


Data in signal; true when data sent to IOP (read or sense) 


DATAOUT 


Data out signal; true when data accepted from IOP (seek, write, or checkwrite) 


DATASET 


Set flip-flop DATA 


/DB0/-/DB7/ 


Data byte 2 lines (B-lines). Bidirectional lines that carry data for two- or 




four-byte interfac o 


(DB0D-DB7D) 


Data line drivers 


(DB0R-DB7R) 


Data line receivers 


/DC0/-/DC7/ 


Data byte 3 lines (C-lines). Bidirectional lines carrying data for four-byte 




interface 


(DC0D-DC7D) 


Data line drivers 


(DC0R-DC7R) 


Data line receivers 


DCA 


Device controller address recognition. Compares (DA0R-DA3R) with 




(SWA0-SWA3) for address recognition 


DCA47 


Part of DCA controlled by bits 4 Through 7 for single byte controllers. (ivot 




used by EP RAD file) 


DCB 


Device controller busy flip-flop, set by successful SIO 


DCBRST 


Reset flip-flop DCB 


DCBSET 


Set flip-flop DCB 


DCL 


, Start term for TCL delay line 


/DD0/-/DD7/ 


Data byte 4 lines (D-lines). Bidirectional lines carrying dai - a for four-byte 




interface 


(DD0D-DD7D) 


Data line drivers 


(DD0R-DD7R) 


Data line receivers 


/DOR/ 


Data or order indicator line. If false during service cycle, indicates that 




A-lines contain data; if true during service cycle, indicates that A-lines 




contain orders. Indicates address recognition for all instructions 


DORD 


Data or order line driver 
DORD enable 


DORDEN 


(DP00-DP07) 


Data lines from PET 


DRESET 


1 
Device reset, true when a power failure occurs J 
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. ) 



Signal 


Definition/Function 


/DS/ 


Data strobe from selection unit 


DSE 


Data strobe enable. Gates DSR into RWCK during a read or checkwrite oper- 




ation 


! DSEM 


Mark flip-flop DSE 


DSL 


D-register shift left. Used when incrementing T-register and S-register 


DSR 


Data strobe received 


DVBSY 


Device busy 


/DVO/ 


Selected device operational signal from selection unit 


DVOR 


Selected device operational signal receiver 


DVSEL 


Device selected 


/DVT/ 


Device test signal from selection unit 


DVTR 


Device test signal receiver 


/DX2/ 


Request for two-byte interface (transfer 16 birs in parallel). False for one- 




or four-byte interface 


/DX4/ 


Request for four-byte interface (transfer 32 bits in parallel). False for one- 




or two-byte interface 


DXK 


Ti !■ i r 1 1 1 1 1 1 1 » i x y i l Tit i i r» in Tiii fvc\c\ Yf\~T\ ■■ fr*i tA ^O"?^ 


i ransrer contenis oi is.— register to u-regisrer; ^kuu-nu/ ) *• ^l. ! ju— u\J/) 


DXP 


Y rrtn~(rr rnnfrnf' r>f P rr"rn"ff~r tri P) rm'—itT' (PCY7v PI /» ta (r\(^C\ r\C\~?\ 


1 lUHdICI ^UlliCHIa Ul \ IcaidlCI IU VJ ICLl.dlCI^ l| \J I iff/ ^ I \J V \j m " \J\J / ) 


DXSR 


Shift contents of D-register to right 


/ED/ 


End data line. Bidirectional line true *vhen the last data byte is on the 




line 


EDD 


End data driver 


EDI 


EDD gating term, combines al! conditions for end data 


EDISET3 


End data flip-flop 


EDR 


End data receiver 


EDU 


End data from lOP or PET 


ERSTOP 


Error stop switch signal from PET, hairs operation on error 


EXT 


Extended performance operation 


FAULT 


A fault condition caused by SUN, WPV, or RER 
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. ) 



Signal 


Definition/Function 


FNTP 


Simulated function strobe enabled by PET 


/FR0/-/FR7/ 


Function response lines from IOP 


(FR0D-FR7D) 


Function response line drivers 


(FR0R-FR7R) 


Function response line receivers 


/FS/ 


Function strobe line. The /FS/ signal from the IGP defines period during 




which the controller should respond to function indicator or acknowledge 




service call indicator if it recognizes its address or priority. Used as a 




clock term for setting or resetting device controller busy flip-flop DCB or 




for setting FSC 


FSC 


Service connect flip-flop. Defines the period during which data or orderr 




may be requested and transferred - 


FSCU 


FSC for IOP or PET 


FSLD 


Function strobe driver 


FSP 


Offline simulation of function strobe 


FSPOCSL 


Simulated CSL signal for offline operation 


FSPS 


Simulated function strobe from PET 


FSR 


Function strobe receiver 


FSU 


Function strobe, IOP or PET 


GNDxxx 


Ground connection (false levei? 


/HIO/ 


Halt I/O function line. Causes the controller to terminate the l/O 




sequence and to return to ready Joie 


HIOP 


PET simulation of HIO function indicator 


HIOR 


Halt I/O receiver 


HIOU 


HIO function indicator, PET or IOP 


/HP!/ 


High priority interrupt iine. When raised, overrides a higher priority 




device interrupt call. Not presently used in Sigma peripherals 


HPID 


High priority interrupt driver 


HPIL 


High priority interrupt latch. Inhibits AIOM, thus preventing a low 




priority interrupt from responding to an AIO instruction 


HPIR 


High priority interrupt received 


/HPS/ 


High priority service call line. When raised, overrides any higher 




priority with a service call raised. Not presently used on Sigma peripherals 


HPSD 


High priority service call driver 
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. ) 



Signal 


Definition/Function 


HPSL 


High priority service latch. Inhibits ASCM, thus preventing a low priority 
service call from responding to ASC 


HPSR 


High priority service receiver 


(100-131) 


Incoming data storage buffer (I-reg?ster) 


Ac/ 


Interrupt call. Raised by the controller in response to an order modifier or 
a terminal order (zero byte count, channel end, or unusual end) 


ICD 


Interrupt call driver 


/ID0/-/ID2/ 


Device address signals from controller to storage units 


IN 


Input/output control flip-flop; set for input, reset for output 


INC 


Inhibit calls. Prevents interrupt call or service call when the controller is 
offline or when controller dc power fails 


(IND01-IND16) 


Indicator drivers to PET 


INDUP 


PET indicator select switch signal. Selects upper or lower set of functions 
to be displayed by (IND01-IND16) 


INI 


Inhibit input. Permits signal /AVO/ to go true when required, but forces 
all other signals between IOP and controller false when the controller is 
offline or when the controller dc po'.ver fails 


INL 


Incorrect length flip-flop. Set if byre count is not a multiple of sector 
storage, if seek byte count is not two, or if sense byte count is not three 


INLEN 


Enable set of flip-flop INL 


INLM 


Mark flip-flop INL 


INLSET 


Set flip-flop INL 


INSET 


Set flip-flop IN 


IOP 


PET signal. True for online, false fo«- offline (during test, IOP true enables 
monitor mode of PET) 


/IOR/ 


Input/output request. Defines direction for communications on the daii lines 
for service cyc'le. Defines status for instructions 


IORD 


Input/output request driver 


IORDEN 


Enable IORD 


/IP/ 


Index pulse from storage unit 


IPR 


Index pulse receiver 


(1X0-1 ~ 1X0-4) 


Clear 1-register 


IXD-1 


r i I ti r r fn^np rv*i "7r>> m, frnn ir\~7\ 


enable Transfer ot (UAUK-UA/iy "" (luv-iv/) 
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. ) 



Signal 


Definition/Function 


IXD-2 


r.L I 1^ !• .i f^i- j- L f /npnp r\n-»r»\ ■> /inn ti^N 


enable transter or ^Uduk—Ud/K/ *" \vJo—i\0) 


IXD-3 


r II. r__. _ r /r\/-r\n r>^-rn\ - /n / tli\ 


enable transfer of \Uk~Ui\-U{./K) ■* ^lio-l^o; 


IXD-4 


Ti. ii i ji- 1 nfnr j- L r /nnop ^l^" 7 p^ » [\*?a nil 


enable transter or \uuuk— uu/k.) m yiZH^ioi) 


IXEN 


Extended interface option 


IXI-1 


Fnnl In frnntfnr nt (1C\P T 1 M n- flPld lf)7\ 


enable transferor ^iuo— iij/ »■ \i\j\j—ik//) 


IXI-2 


Enable transfer of (116-123) ~- (100-107) 


IXI-3 


T. II- l,-„ j fjni- j-uf /T° 4 Til \ tm f\C\(\ TfY7\ 


enable transter or \iz.4—ioi) * \i\J\J-i<J/) 


IXR-1 


Fi-ij-iI- \n ti-jM-irfrlr nf (Df\f\ PA7N *, HA 1]^ 


enable transter or \K\J>j—k<j/) *• ^mo-iio; 


IXR-2 


Enable transfer of (R00-R07) - (116-123) 


IXR-3 


Enable transfer of (R00-R07) *- (124-131) 


(J00-J07) 


J-register (input buffer for FA/V, module) 


JFI 


J-register filled latch 


JFIRESfET 


Force JFI false 


JFIX1 


Force JFI true 


(JP0-JP3) 


J-poinfer register (JP-register). Address register for data written into tho 
FAM 


JPXC 


Clear the JP-regicter 


JPXL 


• J • • L ID • /I no r\o\ 


Load the incremented JP address mro the JP— register (LOU— L0\3) *" 
(JP00-JP03) 


JXO 


Clear the J-register 


jXD 


Load the contents of the D-regisIer into the J-register: 
fPi(\f\ nn7> n. i iao_ \c\~r\ 


\UV\J-UU/) ■? \J<JvJ— JU/ ) 


JXDP 


Load PET data into the J-register 


JXI1B 


Load contents of I-register intc J-register (one-byte interface only) 


JXIN1B 


Load contents of I-register intc J-register (not one-byte interface) 


(K00-K07) 


K-register. Provides sense date storage, preamble synchronization pattern 
generation, and functions as FAM module output buffer 


KA8 


Control latch indicating that FAM module is empty and last byte is in 
K-register 


KFI 


K-register filled latch 


KFICK 


KFI delay flip-flop used for setting rate error flip-flop RER j 
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. ) 



Signal 


Definition/Function 


KFID 


Latch signal that sets KFICK 


KFIDX1 


Force KFID true 


KFISET 


Selects condition for forcing KFI true 


KFIX1 


Force KFI true 


(KP0-KP3) 


KP-register (K-pointer register). Address register for data read from the 




FAM module 


KPXO 


Clear the KP-register 


KPXL 


Load the incremented KP address into the KP-register; (L00-L03) *- 




(KPOO-KP03) 


KXO 


Clear the K-register 


KXOEN 


Enable KXO 


KXPRE 


Load the preamble synchronization pat*ern into the K-register 


KXR 


1 i .. f ll , ,- . -,-f -1. -,,-.- ,-, ,t r A f\ A 1 if ,- ?i-i f - 1 U r \' rn i I r f n I- tX?C\C\ VC\7\ to., 


Load the addressed rA/vi oytc mro me t\. -register; ^kuu-ru/; *• 




K00-K07) 


KXREN 


Enable KXR 


KXSENSE1 


1 1 1 1 i \i • i! - Y i -i-i ii i - r (Tf\7 Tin^ tL. (YC\C\ Y(Y*\ 


Load second sense byte into the N-rec,.'ster; \\\)/ -\ \kj) *~ \Kuu-f\Uo), 




(S00- SOG) (K04-K07) 


KXSENSE2 


I J ii • I 1 i • i tl V , ; ■ /\MftP AMTP^ i /KfM V Ci7\ 


Load third sense byre into the is.— regis:er; ^AiNUK-AlNoKy *~ ^NU-rNU/j 


(L0O-L03) 


L-register; address register for FAM module 


LASTSEC 


PET decode of sector preceding index mask 


(LE0-LE2) 


Exclusive OR adder used to increment iP-register and KP-register 


I LIH 


Latch inte.rupt high. Retains the fact f hat a high priority interrupt has been 




raised. Enables AIOM 


LIL 


Latch interrupt low. Retains the fact that a low priority interrupt has been 




raised. Enables AIOM 


LSH 


Latch service high. Retains the fact ihuv a high priority service call has 




been issued. Enables ASCM 


LSL 


Latch service low. Retains the fact thct a low priority service call has 




been issued. Enables ASCM 


MANRST 


Manual reset from RSTR (IOP) or from RSTP (PET) 


/NM.ANRST/ 


Manual reset signal from controller tg fiorage unit 


(000-031) 


O-register; data drivers to IOP 


OPER 


Device operational flip-flop 
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Table 5-2. Glossary of EP RAD Controller Signal (Cont. ) 



Signal 


Definition/Function 


(ORD0-ORD4) 


Order register flip-flop and order register buffered latches 




ORDIN 


Order in signal 




ORDOUT 


Order out signal 




(ORDP1-ORDP4) 


PET order switch signals used to load order register 




ORDX0 


Clear the order register 




ORDXIOP 


Load the data line (lOP) into the order register; (DA3R-DA7R) — 

(ORD0-ORD4) 




ORDXPET 


Load the PET data lines into the order register latches; (ORDP1-ORDP4) 




m \KJi\U l-\Jf\U4-) 


OSCJ 


Oscillator jumper for 3 MHz operation 




(OX0-1 - OX0-4) 


Clear the O-register 




OXAIOST 


Enable status response to AIO; (RER # SUN, WPV) - (O00, O02, O03) 




(OXK-1 - OXK-4) 


i i ii r i' *t *i /**! • i ( \* t\f\ \* ^^~7^ «■■ 




Load contents ot N-regsster into vj-register (lwU-l\u/; "~ 




(000-007) and contents of I-register into O-register. (108-131) ■— 






(008-031) 




OX KEN 


Enable OXK 




OXGRDIN 


Enable status signals for order in; (TER, INL, 1, UNE) *- 

(O00, GUI, O03, O04) 




OXSFNSE1 


Load first sense byte into O-register; (TRPRO) »- (O00); (T00-T06) 

- (001-007) 




(POO- PI 5) 


P-register; a two-byte parity register used to generate parity for the storage 
unit and to increment the T-register and the S-register 




P00SET 


Set flip-flop POO 




P00SETEN 


Enable set flip-flop POO 




P13LD 


Increment sector number from 1011 to 0000 




P13LDEN 


Enable increment sector number 




/PC/ 


Parity check. Bidirectional line which is raised whenever byte parity 
(A-line parity) should be checker! (not used by EP RAD file) 




PCD 


Parity check driver 




PER 


Parity error flip-flop (read operation) 




PEREN 


Enable set PER 




PET 


Inverted IOP signal; indicates offline operation 
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. ) 





Signal 


Definition/Function 




PHFS 


NPHFS flip-flop in reset state; idle phase, indicates function strobe can be 
accepted 




PHFSL 


PHFSL flip-flop; indicates function strobe acknowledge sent to IOP 




PHFSCYC 


PHFS and CYCLE/C signal true 




PHFSDAT 


PHFS and DATA signal true 




PHFSET 


Set flip-flop NPHFS 




PHFSLNFN 


PHFSL and SCN true (service call) 




PHFSTOD 


Phase FS of data transfer (PHFSDAT) or phase TO (PHTO) 




PHFSZ 


PHFSZ flip-flop; delay phase for gathering status of storage unit 




PHRS 


PHRS flip-flop; RSD is sent to IOP, and FAM cycle is started for previously 
processed bytes 


2 


PHRSA 


PHRSA flip-flop; request strobe acknowledge 




PHRSA DO 


PHRSA and data out; (DATA, IN) - (1, 0) 




PHRSAOO 


PHRSA and order out; (DATA, IN) - (0, 0) 




PHRSAORD 


PHRSA and order (DATA = 0) 




PHRSASET 


Set phase flip-flop PHRSA 




PHRSDO 


Phase PHRS and data out; (DATA, IN) = (1, 0) 




PHRSET 


Set flip-flop PHRS 




PHRSNED 


Phase RS and not end data 




PHTO 


PHTO flip-flop; termination phase used to return to PHFS 




POST 


Control flip-flop that indicates parity check portion of sector 




POSTB89 


POST and B08 and B09 




PRE 


Control flip-flop that identifies preamole portion of sector 




PRESET 


Set flip-flop PRE 




PRST-1, 
PRST-2 


Reset term for P-register 




PSPB 


Preamble synchronization bytes; true for two byie times during search for 
preamble synchronization pattern 




PSPM 


Preamble synchronization pattern missed 




PS PR 


Preamble synchronization pattern recognized 
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. ) 



Signal 


Definition/Function 


PSPWEN 


Preamble synchronization pattern write enable; generates the four-bit 
preamble synchronization pattern (1100) 


PT18S 


PT18 switched. Ground for Kl and K2 (INI and INC) on the AT17 module. 
This term is normally from the PT18 power supply, but may be chassis ground. 
It is fed via switch SI (online/offline) on module LT25 


/PWRMON/ 


Power monitor line from selection units 


PWRMONR 


Power monitor signal from selection unit; true when addressed storage unit 
power fails 


PXS 


1 run-! <i<t in Ir n T r iii .Jifni Till. P i r, ■ 7 r 1 n r fTlf\ *"fY"M Is f P 1 ** P 1 '■i ^ 


Loaa conrents or j— register into r— register; \jV\j~j\jo) m \r\jL— r i o) 


PXSR-1 # 
PXSR-2 


Shift contents of P-register to the right 


PXT 


ii. iii n.iii. ,,f t .1 Tiiui t.ii ..., t> ■ ■ Ti ( ■ ^*r^r^ rr» f nrv^ fxf\f\ t i n\ 


Load conrents ot l-register into r-regisfer; ^JUr; ""^ [rUV), (JUU-I IU,1 
o /nm pi l \ 


*■ ^rU 1 — r 1 1 ) 


(R00-R07) 


Output of addressed location ir. fast access memory (FAM) module 


RCHW 


Read order or checkwrite order 


READ 


Read order 


READRR 


Clock signal for FAM read cycle 


REMPTY 


FAM module (R-register) empty 


REND 


Read or checkwrite operation and read/write enable 


REPEAT 


PET continuous cycle switch signal 


RER 


Rate error flip-flop; indicates srorage unit processed information faster thor 
IOP 


REREN 


Enable set flip-flop RER 


RERM 


Mark flip-flop RER 


RERSET 


Set flip-flop RER 


RESET 


Reset EP RAD controller circuits 


(RK0-RK4) 


RK-counter; indicates number of active bytes in FAM module. Counts down 
from 1 1111 when data is written into FAM module; counts up when data is 
read from FAM module 


RKCK 


R-counter clock 


RREAD-1 
RREAD-2 
RREAD-4 


► 


Control terms true when FAM read cycle has started 
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. ) 



Signal 


Definition/Function 


/RS/ 


Request strobe. Requests the transfer of data or orders while service con- 
nected. One byte, halfword, or word is transferred following each RS. 
May be used as a clock for gating data or orders into the controller or for 
changing state of control logic circuits 


i /RSA/ 


Request strobe acknowledge. Raised by the lOP to indicate that the data 
or order transfer is complete. Causes RS to go low 


RSAR 


Request strobe acknowledge receiver 


RSARC 


Request strobe acknowledge latch 


RSAU 


Request strobe acknowledge from IOF or PET 


RSAUEN 
RSD 


Enable RSAU for PET 


Request strobe driver 


RSET 


Request strobe in phase RS 


AST/ 


I/O reset. Normally resets all control logic in the controller and device. 
RST is generated by I/O RESET or SYSTEM RESET switches, by a program- 
mable reset for the Sigma 5 or Sigma 7, by the RESET position of the 
INITIALIZE switch for the Sigma 2, or by the start term as power is applied 
to the Sigma 2, 5, or 7 


RSTP 


PET reset pushbutton signal 


RWCK 


Read/write clock (3 M'r'.z oscillator or data strobe bit rate clock) 


RWE 


Read/write enable flip-flop; allows d^ta transfer operations to begin 


RWERST 


Reset flip-flop RWE 


RWP 


Read/write possible flip-flop; indicate-- that a data transfer order can be 
accepted 


RWPRST 


Reset flip-flop RWP 


RWRITE-1 ] 
RWRITE-2 } 
RWRITE-4 j 


Control terms true when FAM write cycle has started 


(S00-S03) 


S-register; contains address of next sector to be operated on by read order 
or checkwrite order 


/sc/ 


Service call. Raised by the controller to start a data or order service 
cycle 


/SCI/ 


Track and sector shift clock to storage unit 


SC1D 


Shift clock driver 
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. ) 



Signal 


Definition/Function 


/S02/ 


Data clock to storage unit 


SC2D 


Data clock driver 


SCD 


Service call driver 


SCN 


Service call flip-flop; marked on when service is required and kept in set 




state when additional service required 


SCNMEN 


Enable mark flip-flop SCN 


SCNREN 


Enable reset flip-flop SCN 


SCR 


Read/write service flip-flop; set or reset when additional bytes can be stored 




in FAM module during execution of write order or checkwrite order, or read 




from FAM module during execution of read order 


SCRSET 


Set flip-flop SCR 


SCSET 


Inhibits SCRSET if true 


SECOMPR 


Sector compare; (AN0R-AN3R) matches (S00-S03) 


SECP 


Sector pulse or index pulse 


SECPD 


Sector pulse disable flip-flop 


SFCPDM 


Mark flip-flop SECPD 


SEEK 


Seek order in process 


SEKSEND 


End signal for seek order or sense order 


SEN 


Sense flip-flop; indicates sense operation possible 


SENSE 


■ 
Sense order in process 


SGLPH 


PET single-phase switch signal 


SGLPHCK 


PET single-phase clock signal 


SGLTRKP 


PET single-track mode switch signal 


/SIO/ 


Start I/O function indicator. Causes the device controller to go busy when 




accepted 


SIOP 


PET SIO function indicator switch signal 


SIOPOSS 


SIO possible 


SIOR 


Start input/output receiver 


SIOU 


SIOP or SIOR 


SKSBK 


Seek order or sense order with final byte count 
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. ) 



Signal 


Definition/Function 


/SLN/ 


Select now line to selection units 


SLND 


Strobe sent to storage unit to connect the storage unit addressed by 




(SU0D-SU2D) 


/SP/ 


Sector pulse line to selection units 


SPE 


PET single-phase enable flip-flop 


SPR 


Sector pulse from storage unit 


SREAD 


Read cycle from FAM nodule is pending 


SREADEN 


Enable SREAD 


STSH02 


SIO, TIO, HIO status device not busy and operational 


SIX PEN 


Enable SXPandTXP 


(SU0D-SU2D) 


Storage unit address signals 


SUN 


Sector unavailable flip-flop (error) 


SUNM 


Mark flip-flop SUN 


SUNSET 


Set flip-flop SUN 


(SWA0-SWA.3) 


Device controller address switches located on LT25 moduie 


SWRITE 


Write cycle into FAM module is pending 


SXO 


Clear S-register 


SXJ 


li 1 ii ii ,ft TiiTii.Ci.i.T^iii f \C\C\ \CV~i\ hi f*Tf\~7 T 1 f\\ 


Load contents or J-register into b-register: (JUU-jUo; "*- (jUY-i IU), 




MfH ir>7\ » ( c c\r\ c r\''i\ 


IJU4-JU/J ** \jW-jV3) 


SXP 


ii i i , r n .,- ; f - ,. • f„ r ..^ • •. /^ i ^ r ) pi*^ «. ^cnn_ r rv^ 


Load contents or r-regisrer into o-ieg<sTer. ^rlz-rio; *■ ^ouu-oUo; 


SXPEN 


Enable SXP for PET 


(T00-T10) 


T-register; stores track address 


TCLxyz 


Phase delay line outputs (xyz = delay in nanoseconds) 


TCSxyz 


Phase delay line sensor outputs (xyz - delay in nanoseconds) 


TDLxyz 


D-register delay line outputs (xyz = delay in nanoseconds) 


TDT 


TDL delay iine flip-flop 


TDT1, TDT2 


Buffered outputs of TDL delay line 


TDTSET 


Set flip-flop TDT 


/TDV/ 


Test device function indicator line 
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Table 5-2. Glossary of EP RAO Controller Signals (Cont. ) 



Signal 


Definition/Function 


TDVP 


PET simulation of TDVR signal 

- 


TDVR 


Test device receiver 


TDVU 


TDVR or TDVP 


TER 


Transmission error signal (CER, PER or RER) 


/no/ 


Test I/O function indicator. Tests the I/O system. Status returned is the 
same as for the HIO and SIO commands 


TIOP 


PET simulation of TIOR signal 


TIOR 


Test I/O receiver 


TIOU 


TIOR or TIOP 


TOF 


Track overflow bit 


TCRD 


Terminal order 


Ark/ 


Track address line to selection units 


TRKRST 


True when PET interval counter equals counter reset switch setting 


TRLxyz 


TRL delay line outputs (xyz = delay in nanoseconds) 


/TRP/ 


Track protect switch signal from selection unit 


TRPR 


Track protect swiich signal receiver 


TRSxyz 


TRS delay line sensor outputs (xyz. = delay in nanoseconds) 


TSE 


Track shift enable flip-flop 


TS'H 


■ 
Gating term that indicates TIO, SIO, or HIO is for this controller because 
of address recognized. Used io enable gating of status to (FR0D-FR7D) 


TTSH 


Gating term that defines the instruction being performed is a TIO, TDV, 
SIO, or HIO 


TXO 


Clear the T-register 


TXJ 


Transfer contents of J-register to T-register: (J01-J07) — 

(T00-T06) 


TXP 


t r . . r n • . . t •, ,nni nn-r\ 


Transfer contents ot P-regisier to l-regisfer: (PUi-PO/) * 
(T00-T06) 


AYPO/ 
AYP1/ 


Storage unit type signals from selection unit 


TYPOR, 
TYPIR 


Storage unit type receivers 


(U0-U2) 


Storage unit address loaded by an SIO operation 
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. ) 



Signal 


Definition/Function 


(UAS0-UAS2) 


PET switch signals for storage unit address 




UNE 


Unusual end flip-flop 




WCHW 


Write order or checkwrite order in process 




/WEN/ 


Write enable signal to storage unit 




WEND 


Write enable driver 




WIDE 


True when wide interface option (32 bits) is used and a write, 
checkwrite operation is performed 


read, or 


WPRE 


Write preamble 




WPV 


Write protection violation flip-flop (error) 




WPVSET 


Set flip-flop WPV 




WRCH 


Write, read, or checkwrite operation in process 




WRITE 


Write order in process 





Table 5-3. Glossary of EP RAD Selection Unit Signals 



Signal 


Definition/Function 




ACSENSE1, 


Power monitor ac inputs, Outputs of ~CV transformer in power distribution 




ACSENSE2 


panel 




/AN0/-/AN3/ 


Sector address signals to EP RAD controller 




(AN0D-AN3D) 


Sector address signal drivers 




AOK 


Output of power monitor. When true, indicates that ac and dc power 
is on 




CLKUNDLY 


Undelayed clock discriminator output 




CLOCKDLY 


Delayed clock discriminator output. U<ed to clock read data flip-flop 
DAID 




CLOCKNEG, 
CLOCKPOS 


Inputs to clock discriminator 




/DAI/ 


Data signal to controller 




DAID 


Read data flip-flop 




/DAT/ 


Data signal from controller 




DATR 


Data receiver 




/DS/ 


Data strobe to controller 




DSD 


Data strobe driver 
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Table 5-3. Glossary of EP RAD Selection Unit Signals (Cont. ) 



Signal 


Definition/Function 


/DVO/ 


Device operational signal to controller 


DVOD 


Device operational driver 


/DVT/ 


Device test signal to controller 


DVTD 


Device test driver 


/ID0/-/ID2/ 


Storage unit address signals from controller 


(ID0R-ID2R) 


Storage unit address signal receivers 


/IP/ 


Index pulse signal fo controller 


IPD 


Index pulse driver 


L1MITNEG, 
LIMITPOS 


Inputs to data decoder 


LONGSTROB 


Strobe output of pulse packing compensator. If true, extends duration of 
signal CLOCKDLY 


/MANRST/ 


■ 
Manual reset signal from controller 


MANRSTR 


Manual reset signal receiver 


MC3 


3 MHz signal divided down from frequency doubler. Used to create 




Manchester-encoded data 


MC6 


6 MHz signal output of frequency doubler 


(NMOD1-NMO08) 


Module iocation signals for LT105 Spares Selector modules 


PDLY 


Power on signal delayed 10 seconds 


POS25SENSE 


Sense +25V input 


POWERON 


Power on; indicates that all conditions necessary for operation are 




present 


RDAMPNEG, 
RDAMPPOS 


Outputs of read amplifier 


RDXOdNEG, 


Inputs to read amplifier from read/write couplers, (d = 0, 1, 2, 3, 


RDXOdPOS 


4, 5, 6, 7) 


SAE 


Sector amplifier enable 


/SCI/ 


Track address shift strobe. Consists of 1 1 pulses from controller during 




intersector gap time 


/SC2/ 


Data strobe from controller 
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Table 5-3. Glossary of EP RAD Selection Unit Signals (Cont. ) 



Signal 


Definition/Function 


SC1R 


Track address shift strobe receiver 


SC2R 


Data strobe receiver 


SECT 


Sector amplifier output 


SECTNEG, 
SECTPOS 


Sector track signals 


SEL 


Unit selected. True when (ID0-ID2) compare with address switch signals 


/SLN/ 


Select now strobe from controller. Used to set unit select flip-flop USLA 


SLNR 


Select strobe receiver 


W /SP/ 


Sector pulse signal to controller 


(SP0-SP2) 


Three-bit code that enables read/write head selection signals (YSP0-YSP7) 




for spare Y-select value 


1 SPD 


Sector pulse driver 


SPSEL 


Spare select signal, true when spare tead/write head is addressed 


TGn 


Outputs of track protect matrix (n =00, 01, ... 15, 16) 


(TR0-TR10) 


Track address register 


TR5AG, TR5BG 


Track address register bit 5. Control: read/write head selection. Disabled 


< 


when SPSEL is *rue 


/TRK/ 


Track address bits from controller; read while SC1R is true 


TRKR 


Track address receiver 


P (TRM1X2-TRM1X4) 


Track address register bits 2, 3, and 4. Represents X-va!ue for selection of 




normal read/write head or spare read/write head 


/TRP/ 


Track protect signal to controller 


TRPD 


Track protected signal driver 


AYPO/, 
/TYP1/ 


Storage unit type signals to controller 


TYPOD, 
TYP1D 


Storage unit type drivers 


US LA 


Unit select flip-flop. Set if storage unit has been addressed by (ID0-1D2) 




signals, and SLNR is true 


USLB 


USLA buffered 


WDM1, 
WDM2 


Write data flip-flops. Used to encode data in Manchester form 
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Table 5-3. Glossary of EP RAD Selection Unit Signals (Cont. ) 



Signal 


Definition/Function 


WDS 


Synchronized write data flip-flops 


/WEN/ 


Write enable signal from controller 


WENR 


Write enable signal receiver 


WRTAMP1, 
WRTAMP2 


Write amplifier outputs 


(X0-X7) 


Represents X-value (most significant actual digit of track address) of spared 
address 


(X0B-X7B) 


Buffered (X0-X7) signals 


(NXSP2-NXSP4) 


Represents X-value of selected spare read/write head. Controls 
(TRM1X2-TRM1X4) if SPSEL is true 


(Y00-Y63) 


Outputs of Y-select matrix 


(YL0-YL7) 


Represents least significant octa! digit of spared track address (least 
significant octal digit of Y-vaiue) 


(YL0B-YL7B) 


Buffered (YL0-YL7) signals 


(YM0-YM7) 


Represents middle octal digit of spared track address (most significant 
octal digit of Y-value) 


(YM0B-YM7B) 


Buffered (YM0-YM7) signals 


(YSP0-YSP7) 


Y-value of addressed spare read/write head, controlled by (SP0-SP2) and 
SPSEL 
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Paragraphs 6-1 to 6-2 



SECTION VI 
DRAWINGS 



6-1 SCOPE OF SECTION 

This section contains engineering drawings necessary to 
support the text of other sections and a list of related 
engineering data (table 6-1) necessary to maintain the 
EPRAD File. 



6-2 LOCATION OF RELATED TEXT 

Figures 6-1 through 6-3 are discussed in paragraphs 4-5. 
Figure 6-4 is discussed in paragraph 4-2. Figures 6-5 
through 6-9, which are logic diagrams of the EP RAD selec- 
tion unit, are discussed in paragraph 4-103. Figures 6-10 
through 6-13, which provide detailed information concern- 
ing the read/write head selection matrix, are discussed in 
paragraph 4-103. Figure 6-14 is a schematic of a modified 
motor control assembly which is installed on some EP RAD 
storage units. Figures 6-15 through 6-22 are schematic 
diagrams of the EP RAD controller, showing differences 
introduced by the logical sparing option. Differences in- 
troduced by logical sparing circuits are discussed in para- 
graph 4-111. 



Table 6-1. 


List of Related Engineering Data 


Drawing Number 


Title/Content 


134029 


Wire list, motor control assembly 


134293 


JT18 operating procedure 


137532 


Wire list, power distribution panel 


139812 


Wire list, switch power and connector 


139866-202 


Wiring data, EP RAD selection unit 


139866-502 


Wiring data, EP RAD selection unit 


139866-902 


Wiring data, EP RAD selection unit 


146883-002 


Logic equal ions, EP RAD controller 


.46883-100 


List, signal dictionary, EP RAD con- 




troller 


146884-202 


Wiring data, EP RAD controller 


146884-502 


Wiring data, EP RAD conlroUer 


146834-902 


Wiring data, EP RAD controller 


147608 


Wire list, power, EP RAD controller 


148784 


Wire list, cabinet, power 
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Figure 6-8. EP RAD Selection Unit, Memory Protect Circuits, Logic Diagram 



6-11/6-12 



XDS 901565 



SECTKPtfS o 

SECTOR TRACK < 

SECHNEG o 




USLB 



•enr 



44 



37 



10* 



36 




USLB o- 



10 



10* 




C3 



2H 



SAE 



SECT 



27 
-o — 



LT32 

SECTOR/ INDEX 
DECODER 

28 


19 


13 





SP 



IP 



AMO 



INI 



AN2 



,,AN3 



08 



OH 



43 



*3 



38 




I0A t^oHSP 



USLA 



HO 



06 




8A \JlioSP0 



07 
05 




8A I— L±oIP0 




8A V~ ^O AN00 




8A \ 35 q AN1D 



36 




8A h—O AN2D 



39 




8A h- -H3 AN30 



38 




QND03B 



NSP 



HO 
39 

34 
H3 

35 

} 36 

37 

> W 

H2 



3B 



3B 



3B 





3B 



3B 



45 



46 



IP 



38 



AN3 



GND03B 



28 



27 



NAN3 



GN0Q3B 



AN3 



3B 



MSP 



30 

HF ^ 

ill 

26 
*H2 



38 



r "^y 



-L 




3B 




S I 

3B 

C 



44 



24 



33 



AN2 



UkH2 



J*l 



38 



GND03B o 

n 



38 



IP 



GN003B 



AN3 



AN2 



NSP 



34 



20 
^ 19 

IH 
> I5 

42 



3B 



38 





3B 




38 



S 1 

3B 



.22 



23 




3B 



ANI 



^44 

IP 



GND03B 



GK003B 



AN3 

AK2 



09 



.05: 



34 

Jl_ 

11 




3B 



38 



ANI 



KSP 



42 



3B 



GNP03B 



06 
.07 



3B 




3B 




S I 

3B 



02 



01 



IP 



A..N0 



NAN0 



NOTE: REFERENCE XDS DWG: U9337-6A 



Figt>re 6-9. IP KAD Selection Unit, Angle 
Register, Logic Diagram 

90156SA.610 



6-13 



XDS 901565 



H- 


X 


>- 









000 





00 


008 





08 


001 





01 


"009 





09 


002 





02 


_OJ0_ 
003 





10 





03 


Oil 


Q 


11 



10 


012 





12 


1 1 


004 





04 


12 


013 


o 


13 


'3 


005 





05 


m 


om 


o 


14 


15 


006 





06 


.16 


.015 . 





15,, 


1'7 


007 


0- 


"07 


18 


■■' | 





1 









2 


016 





1 16 


3 


024 
017 





24 


4 





17 


5 


025 





25 


6 


018 





18 


7 


026 





26 


8 


019 





19 


3 


027 





27 










10 


028 


0. 


28 


! 1 


020 





20 


12 


029 





29 


13 


02! 





21 


14 


030 





r 30 


15 


022 





22 


16 


03! 





31 


;7 


023 





23 


18 










< < 

o o 



ao ao 
a a 

A A 



032 



0j 


32 "' 


040 


~~0~ 


""40 


033 





__33_.._ 
41 


041 





034 





34' 


042 





_4 2_ _ 


035 





35 


043 





43 



10 
1 1 
12 


044__ 
_036 
04 5 


4° 
1° 


__44_ 

36 
45 " 


13 


037 





37 


14 

15 
16 
17 
,8 


046 





46 

L.3B_ . 
47 


038 
047 
039 


1 


1 ° 


39 




1 





o 

I 

CO 
~5 

09 
01 
10 
02 
I! 
03 
12 
04 
13 



< < 

o 

1 I 
cc ao 



* k 



o 



1 









27 


2 


048 





48 
56 


19 


3 


056 















4 


049 





49 \ 


20 


5 


057 


°_ 


57 


29 


6 


50 





50 


21 
30 


7 


058 





58 


8 


pm 





51 


22 

31 


g 


059 





59 





10 
11 
12 
13 
14 
15 
16 
17 
18 


_QS2_ 

Oil. J 





^60 


32 
23 
33 
24 
34 
25 
35 
.26 
36 





._12_^ 





51 


053 





53 


\_062i 





' 62 




^054 





54 




06 3 





63 




055 1 





55 - 












A 



o 



o 



064" 


1 
1 


" oo - " 


__0_7 2_ _ 


lJ_. 
i 


....°.8__ 
01 


073__ 

"* 066 


j_ 

i 


__0_9 

02 


.._ 0J.i_ 


i 


10 


067 
0^5 


i 


03 


i 


1 1 



< 

o 



10 

" 

!2 

'3 

14 

15 
16 


075 

U77 


1 

1 


Lu... 

_ 04 

1 3 


14 
05 
; 5 

06 
16 
07 
!7 


C69 




05 


078 
070 
079""" 


1 


14 


1 
""l 


06 


17 
18 


07T"' 


1 


07 


08 
18 




1 





— (\J 

I i 

CD OO 

O O 

a? co 

0- Q_ 

A $ 



080 ~ 

088 

081 




_ 1£._ 

24 
17 - 


8 94 




25 


082 




18' 


_0JJL_ 
083 




26 
19 


091 




27 




092 




28 


084 




L. 20. 
._ 29 _ 
21 


__09 3_ _._ 

085 
094 
086 






30 

22 " 


095 




31 


087 




23 









< 
o 



o o 

CO CO 

Q. a 

A A 







32 

40 


096 




104 




097 




33 
41 


105 




098 




34 


106 




42 


099 




35 


107 




43 




108 




44 


100 




36 

"45 

37 ""'" 


109 


101 




1 10 




46 


102 




38 


1 1 1 
103 




47 




39 









o 

cb 
-j 

09 

01 

10 

02 

11 t 

03 

12 

04 

13 



in id 

i i 

CO CO 

O O 

co oo 

a. a 

A A 



1 




1 1 " 


2 


112 


.J 4,S_ 


3 


120 




56 


4 


1 13 


~L 


49 


5 


121 


57 


6 


1 14 




50 


7 


122 




58 


8 


_JJi_ 




51 


9 


123 




59 






10 


124 j 1 


60 


11 
12 


116 1 | 

12~5J r 


52 

" 61 


13 


117 J 1 


53 
'~62~ " 


14 


126 




15 


r 1 1 b ' 




54 


IS 


127 




63 


17 


119 




55 


18 









J 36 



O 

co 
Q. 



SURFACE I 



SLOT 



SLOT 1 



SLdT 2 



SLOT/ 3 



SLtfT M 



SLdT 5 



SLtfT 6 



SLCft 7 




Mo 

1 'l 

•n 


140 


2 


12 1 


132 


2 


04 J 




2 


13 1 


' 33 


2 


05 j 


: i2„ 


2 


I !4 j 


! ~H 




06 


! 43 




tit 


'35 


2 


07 


Il8 




2 



— CM 



< < 



co ao 

a. a. 

A A 



1 




2 




2 


1 44 


2 


16 . 


3 


152 


2 


24 


4 


145 


2 


17 


5 


153 


2 


25 


6 
7 


146 

' 54 


_2_ 


18 

26 


g 


!47 


2 


19 


9 


155 


2 


27 



l_JLS£_U_p&— 

'48 j 2 j 20 


i 149 j_2 I 21 


L_ iM_ + 2 i 30 ^ 




^4 n J 

2 1 J i 


L'51 


2 1 23 


L J 


2[ 



CO OD 

a. a 

A A 



1 




2 




2 


160 


2 


32 


3 


168 


2 


40 


4 


161 


2 


33 


5 


i&i , 


2 


41 


6 


162 


2 


34 


7 


170 


2 


42 


8 


\sT] 


2 


35 


9 


171 


2 


43 



10 


172 


2 


44 


1 1 


i—iiC 


2 


12 


173 


2 


,45 


1 4 

15 


,G 4 

174 

"!6(T 


2 
2" 

T 


37 
" 46 

3e ~ 


16 


175 


2 


47 


17 


167 


2 


39 


18 




7 





l I 
< < 



CO CO 

* 4 



1 


2 




2 


M76 


2 


48 1 


3 


184 


2 


56 


4 

2 

7 

8 
9 


177 


2 


49 


185 j 2 


— i 7 _| 


173 j 2 


50 


_Lfii_l_z4— 5fl — 
179 j 2 j 51 

187 [2 j 59 



10 


188 | 2 !• 60 


1 1 
12 
13 


180 
189 
181 
1 90 Z. 

_±eZ4 




52 
61 
53 


14 
15 


2 



2 


62 
H- 5.4. 


16 


191 j 2 


63 


17 


183 


2 


55 


IB 




2 





< CD 



20 

29 i — 

21 

30 

22 

31 



A A 



• ! 


3 




2 j 192 


3 


4o I 


3 1 200 


3 


OS 


4 193 


3 


0! 


5 [ "01 


3 


09 


6 ; 194 


3 


_02_.._. 
10 


7 " 202 


3 


8 ! 195 


3 


03 


9 i 2Q3 


3 


1 1 



I iff" 



204 



,.mu. 



1 '<:>[ _20 5 
■ 1 3! 197 



206 






'H ustfi—Li— 

161 207 



199 



04 

-y-j 
"°Jl 

14 



15 



07 






i i 

CO CO 



co ao 
1 q_ 

A b 



Ui-S-U- 



h&4- 



YTf 



...111- 



211 



219 



24 



27 



10 


220 i 


3 


*~ 28 


32 
23 
33 
24 
34 
25 
35 
26 
36 . 


1 1 
1 3 

-!4 

15 
16 
17 
18 


r ~2n 


3 


20 


i_ 22 ' 


3 


29 


2! 3 


3 


21 


222 


3 


|_ 30 


214 


r 3 


22 


223 


3 


31 


215 


3 


23 


3 





c^ a. 

A A 



224 



225 



4^ 



233 |3 



226 



234 3 



.ILL 
235 



l-u 



32 



40 



33 



10 

1 1 


236 
228 


3 


44 ] 
36 1 


i 2 


237 1 


3 


45 I 


13 


229 


3 


37 


14 


238 


3 


46 


15 


2 30 


3 


38 


16 


239 


3 


47 


17 


23! 


3 


39 


18 




3 





iD U3 
*3 ^ 



co co 
a a. 

A A 





3 




2^0 


3 


48 


248 


3 


56 


241 


3 


49 


249 


3 


.57 

50 


"24 2 


3 


24 3 


3 


51 


251 


3 


59 



10 

1 1 


244 


..JL. 
3 


^Jd _ 


12 


253 


3 


61 


13 


245 

._1S4_ 
I 2H6 
255 


3 


^J-2- 


14 

15 
16 


3 


63 


17 


247 1 


3 


55 


18 




3 





cb 

~3 

27 

19 
28 
20 
23 
2! 
30 
22 

31 



T 

i 

CD 

I 
CO 

a. 

A 



NOTE: REFERENCE XD5 DWG: 149337-14A 



SURFACE 2 



6-14 



Figure 6-10. Head Location Chart 
(Sheet 1 of 2) 

901 56.5 A. 604- 



XDS 901565 



1 


■ 


4 


"- — 


2 


2BG 


4 


3 


264 


4 


0? 


4 


257 


4 


01 


5 


265 


4 


09 


6 


253 


'1 


02 


7 


^266 
259 


4 


10 


s 


4 


03 


9 


267 


4 


1 1 










10 


260 


■i"") 12 


1 1 


4 


04 

" i3 

5 


12 


269 


4 


13 


2CI 


4 


14 


270 


4 


14 I 


15 


262 


4 


OB 


16 


27 1 


4 


15 


17 


263 


4 


07 


18 




4 





09 

ni 


CO 


10 
02 


4 


03 




12 




04 




13 




14 
05 




15 




06 
16 






07 




17 




0? 




18 





^ A 



1 

2 
3 

4 
5 

6 
7 
8 
9 




4 


16 

^24 
"~!7~ 


27 
19 

2P 

2^ 
21 

22 
31 


2/2 

Tso" 

*~~21 T 

28 r " 


4 
4 
4 
4 


-2>H 


4 


IB 


28 2 


4 


1 26 


275 


4 


19 


283 


4 


27 



10 


284 
"T76 


4 


23 


1 1 


4 


20 


12 


285 


4 


29 

30 

22 
31 


13 


277 


4 

4 


14 


286 


15 
16 


278^ 
287^ 


* 


17 


279 


4 


18 




4 







4 




2pQ 


4 


32 


296 


4 


40 


2o9 


H __ 


33 

" 4~j 


290 


4 


34 


29? 


4^ 42 


2 a l 


4 ; 35 


299 


JlL 43 



10 
1 1 
12 
13 
14 
] 5 


2 C 2 
301 
~2°3 " 
302 " 
2 q 4 


4-r 4 -r~i 

1 | 36 
4 ] MS 

4 i 37 H 

4 " 1 Vg 

4 . - . . 

4 1 47 


16 


303 
""25 5 


17 


4 \ 39 


18 




4 1 



b A 





4 


i 


304 


4 


4 3 1 


312 


4 


56 1 








30 5 


4 


4 9 1 


31 3 


4 


57 ' 


306 


4 


so ! 


314 


4 53 | 


307 


4 


51 1 


315 


4 


59 



316 -~4 - 



3 LL 
"309 

318 



310 



311 



61 | 33 

JJLJ 2M 

_62__J 34 
^ 2 5 



54 



63 



35 



*-. .. ' . \~— j 





5 


■" 1 

1 




3 5 


5 ' 


16 | 




,. 


L-L 


N ! 




;. - 


5 


1 7 




-5 


5 


25 : 




• - 


5 


1 3 




p 


s'TTr - ! 




p 


s 


13 j 






5 


i-> 





_; 


i> 


;: ; 




-: ! 5 ! :: 1 




_; 




23 ! 




. • 1 s ! 2 ' ! 






-U-f;— -j 


i ; 




- 31 ! 




-:• 


5 I 


23 j 



A A 



• 

2 i 352 


A.. 


"ir - ' 


3 | 360 


5 


4 


4 HlT 1 


5~1 


33 1 


5 I 35' 


O 4! J 


6 1 3 54 


5 


3 4 


7 1 362 


5 


42 


3 ' 355 


5 


35 


S [ 363 


5 


4 3 



i 


ljiUjlL 


.4 I 


] ; 


356 j 5 j 


35 1 


'2 


36 5 j 5 j 


■-S 1 


! 3 


365 |5_ 


_37 • 

45 j 


15 


35= 5 i 


3< i 


15 


^c7 IsL- J 


17 


•sq 15 1 


3 a 1 


18 


IN 


i 



A A 





A__ 


36' 


5 


4 3 


376 


5 


55 


369 


. 5 ' 


49 


377 i 5 


57 


370 5 


53 


373 ! 5 ! 53 


371 i 5 


51 


3~>9 | 5 


59 



10 


330 


5 


60 


12 


372 


5 


52 


3?l 


5 


61 


13 

14 


373 
3 = 2 


-i_ 


-s- 


15 


374 ' 


in* 


16 


3»3 


5 


53 


P 


3^5 


5 


55 


IS 




5 1 



SJ^»2-5 



SLOT 



SLOT I 



SLOT 2 



SLOT 3 



SLOT 5 



"SLOT S 



SLOT 7 



1 




6 




2 


384 


C 


03 


3 


392 


6 


3 




385 


r, 


CI 










5 


393 


r 


09 


6 


3«f, 


6 


?2 


7 


3° 4 


6 


10 


8 


38 7 


G 


3 


9 


39 5 


f, 


1 1 



3 qr P 
19 1 

-,0 c, 

t t US 
_J,9_q 

341 



g77 12"' 

V7PP~ 



& A 



1 

2 
3 
4 
5 
6 
7 
8 
9 




6 




27 
19 
2? 
20 
2° 
21 
30 
71 
31 


400 


6 


16 


408 


6 


24 


401 


6 
6 
6 
6 


17 


4 09 
402 


18 


410 


40.3 


6 


19 
~?7 


41 1 


C 



404 



JJ_3 f. 

j405J : _G 

4 14 6 

406, [j> 
6 



4J S 

407 



'" 28 


72 


20 


21 


29 


31 


71" 


24 


70 


rt 


11 
3l" 


25 
35 


23 


26 




36 



V 




r 4!6 16 


32 


424 . 6 


40 


417 


6 ; 33 


425 


c 


41 


4 IS 


6 


34 


4 26 


6 


1 42 


4 19 


6 


35 


427 


6 


4 3 



~478~" 


TT 4 4 " 
"I 1 ~36~ 


4 20 






4 29 6 j 45 


421 


6 


37 


4 30 


f, 


4 6 


4 22 


6 


38 


431 


6 


4? 


423 I 


6 
6 


39 



I 14 

105 

1 15 

06 





6 


432 | 


jj 


48 


4-4 


6 


1 " 5 


433 


6 


49 


44 1 


6 


r 57 


4 34 


6 


50 


4 ',2 


6 


53 


435 


6 . 


...^,..1 


44 3 


6 


59 



10 


~ 4~4~4~~ 


1 1 


4 36 


12 


UU'j 


13 


-— - 


1 4 


4 4 6 


15 


" 4 3 8 " 


16 


4 4 7 


1 7 


4 39 


1ft 





fir 



60 


32 


5 2 




61 


33 


53 


2^ 


62 

54 


?5 


6 9 


26 




36 



- i ' j : o 



• - '. • 


£1 


-" 1 " 


•3 


-P j 7 


27 ; 



-i — '-± — \ 



26 



! 


7 




1 ';31 


7 


32 


1 u = a 
I 


7 


40 


1 481 


7 


33 


1 -39 


"* 


4, 


1 "° 2 


7 


34 


1 -30 


7 


42 


! .=3 


7 


35 


i 4?l 


7 


43 



-92 


) 7 


44 | 


P4 


! 7 


35 


-93 


j 7 


45 ; 


P5 


1 7 


37 




i 7 


46 


436 


1 7 


33 


49 5 


1 7 


47 


-37 


1 7 


39 




h 





A A 



U- 









-P 7 


4 3 


50 4 


1 


55 


4?7 


1 


49 


53 5 


7 


57 

50 


-93 


7 


50- 


"■ 


53 


449 


7 


,51 


507 




59 



10 


506 


7 


60 


1 1 


500 


7 


1 JP 

61 


12 


509 


7 


;3 


. 501 


7 


53 


1 i 


5 10 


7 


62 


15 


502 


7 


54 ' 


16 


.51 ' 


7 


63 


17 


503 


7 


55 


18 




7 





27 

19 
28 
20 
29 

;i 

30 

22 

J 3 1 



NOTE: REFERENCE XDS DWG: 149337- A15 



S-'Mll H 



Figure 6-10. Head Location Chart 

M.eet 2 of 2) 

■>ory/.A. z.,04,7 

6-15/6-1-6 



XDS 901565 



TRACK 





00 - 31 


128 - 159 


256 


- 287 


384 - 415 


» SELECT 


64 - 95 


IS2 .- 223 


120 


- 3SI 


448 - 479 


Y00 
Y01 




I 


A - 01 
' - 02 


1 

J 


* - 01 

[ - 02 


2* 

t 


- 01 

- 02 


3 

i 


* - 01 

-02 


Y02 

*Y03 




- 03 

- 04 




- 03 

- OH 




■ 


- 03 

- OH 




- 03 

- 04 


YOS 




- 05 




- 05 






- 05 




:• 05 


YOS 




- 06 




- OS 






- OS 




- 06 


Y06 




• 07 




- 07 


i 


- 07 




- 07 


Y07 




- 08 




- 08 






- 08 




- 08 


YOS 




- iO 




- .0 






- 10 




- 10 


YOS 




- II 




- 11 






- II 




- 11 


Y10 




- 12 




- 12 






- 12 




- 12 


YM 




- 13 




- 13 


1 


- 13 




- 33 


Yt2 




- ;h 




- 14 


1 


- m 




- jq 


YI3 




- '.S 




- 15 




► 15 




- 15 


YIH 




- !6 




-.6 


1 


- IG 




- 16 


YI5 




- n 




- 17 


1 


- 17 




- 17 


Y16 




- 19 




-19 




- 19 




- 19 


YI7 




• 20 




-20 


| 


- 20 




- 20 


Yi8 




- 2i 




- 21 


1 
1 


- 2! 




- 21 


YJS 




- n 




-22 




- 22 




- 22 


Y20 




■ 23 




-23 


1 


- 23 




- 23 


Y2I 




- 2<i 




-24 


i 

! 


- 24 




- 24 


Y22 




- 2S 




-25 


i 


- 25 




- 25 


Y23 




- 2S 




-26 


' 


- 26 




- 26 


Y24 




- 28 




- 29 


1 


- 23 




- 28 


Y25 




- 29 




-29 


! 


- 29 




- 29 


Y*6 




- 30 




- 30 


: 


- 30 




- 30 


Y27 




- 31 




-31 




- 31 




- 31 


Y28 




- 32 




- 32 




- 32 




- 32 


Y29 




-33 




-33 


i 

i 


- 33 




- 33 


YM 
Y3! 


1 
C 


i - 35 


1 
1 


A - 35 




- 34 
-35 


1 
3 


A -35 



NOTE: REFERENCE XDS DWG: , 49337-)2A 



Y SELECT 


JJ - 63 

9G - 127 


160 - 191 
224 - 255 


238 - 319 
352 - 383 


416 - 447 
480 - 51! 


Y32 

Y33 





8 - 01 

* - 02 


!E - 01 
^ - 02 


2 

i 


8 - 01 

-02 


3 

i 


8-01 

f-02 


Y34 




- 03 




- 03 




- 03 




- 03 


Y3S 




- 04 




- OS 




- 04 




- 04 


Y36 




- 05 




- 05 




- 05 




- 05 


Y37 




- 06 




- OS 




- 06 




- 06 


Y33 




- 07 




- 07 




- 07 




- 07 


Y39 




- 09 




- OS 




- 08 




- 08 


Y40 




- 10 




- 10 




- 10 




- 10 


Y41 




- II 




- 11 




- 11 




- II 


T42 




- 12 




- 12 




- 12 




- 12 


Y43 




- 13 




- 13 




- 13 




- 13 


m 




- 14 




- 14 




- 14 




- 14 


Y45 




- 15 




- 15 




- 15 




- IS 


YH6 




- 16 




- 16 




- !6 




- IS 


T47 




- 17 




- n 




- 17 




• 17 


Y4B 




- 19 




- 19 




- 19 




- 19 


Y49 




- 20 




- 20 




- 20 




- 20 


Y50 




- r\ 




- 21 




- 21 




- 21 


Y5I 




- 22 




- 22 




- 22 




- 22 


T52 




- 23 




- 23 




- 23 




- 23 


Y53 




- 24 




- 24 




- 24 




- 24 


Y54 




- 23 




- 25 




- 25 




- 25 


Y55 




, - 25 




- :b 




- 26 




- ?S 


Y56 




- 28 




- 78 




- 28 




- 28 


Y57 




- 29 




- ?9 




- 29 




- 29 


YS8 




- 30 




- 30 




- 30 




- 30 


Y59 




- 31 




- 31 




- 31 




- 31 


YSO 




- 32 




- 32 




- 32 




- m 


Y6I 




- 33 




-33 




- 33 




- 33 


Y32 
Y6J 


1 



B - 35 


1 
1 


r - 34 

8 -35 


1 
2 


^-34 
B - 35 


\ 
3 


B - 35 



SPARE CEHTER TAPS 



TRACKS 00-12) 



TRACKS 128-255 



TRACKS '2 56 333 



TRACKS 384-5! I 



it - OS 
4 - 18 
^ - 27 

2t - 35 

J- OS 
- ts 
- 27 

28 - 36 



3A - 09 

*? - lis 

y - 27 

3A - 3S 

3E - 09 

| - 27 

38 - 36 



901565A.6U 



Figure 6-11. Head Centertap Chart 



6-17 



XDS 901565 







I HP T 












0U T P U T 










MODULE 












HOOUU 






nn 






















23 


258 248 238 


/2« 108 


09B 


038 


078 


218 


2H8 


238 


223 108 


098 


088 072 


NTB108 


NTR IOC 


NTRIOB 


NTR 108 


NTR 10 


NTRIO 


NTRIO 


KT!i!0 










1 




12 


NTR9B 


KTR9B 


NTR9B 


NTR9B 


NTR9 


NTR9 


NTR9 


RT/R2 


\ « 


















22 


HTR8B 


NTR6B 


NTR8B 


NTRSB 


NTR8 


NTR8 


NTR8 


NTRS 


^6^-c — 


TOO 


Y03 


vie 


Y2"4 


Y32 


YHO 


YH8 


YSS 




23 


NTR78 


T67B 


NTR7B 


TR7B 


NTR7 


TR7 


NTR7 


TR7 


L£7 




















IS 


KTR6B 


NTR68 


TR6B 


TR6B 


NTR6 


NTR6 


TRS 


TRS 


y^ 




















25 


KTR5B 


NTR5B 


NTRSB 


NTRS 


TRSB 


TRSB 


TR5S 


TRS 






















IS 


TBI OB 


TRIOB 


TRICB 


TRIOB 


TRIO 


TRIO 


TRIO 


TS!0 


12 


KTRS8 


KTR9B 


NTR9B 


NTRSB 


NTR9 


NTR9 


NTR9 


NTRS 


\ 




















22 
23 


NTR88 
NTR7B 


KTR63 
TR78 


NTRSB 
NTR7B 


NTR3B 
TR7B 


NTR8 
NTR7 


NTR8 
TR7 


NTRS 
NTR7 


NTRS 
TR7 


J&^~ 


YOI 


YCS 


Y17 


Y25 


Y33 


YHI 


YfS J 757 




2H 


NTRSB 


NTR6B 


TR6B 


TR6B 


NTR6 


NTR6 


TR6 


TRS 


s" 














1 




2S 

28 


NTRSB 


NTR58 


NTR5B 


Nf!5 


TR58 


TRSB 


TR58 


TR5 




















NTRIOB 


NTRIOB 


NTR 108 


NTRIUB 


NTRIO 


NTRIO 


NTRIO 


NTRIO 






27 


TR9B 


TR9B 


TRSB 


TR9B 


TR9 


TR9 


TR9 


TR9 


\_ M 




















22 


NTRSB 


NTR8B 


NTR88 


NTR8B 


MTR8 


NTR8 


NTR8 


NTRB 


J*>. .4— — ^y— - w* 


Y02 


YIO 


Y18 


Y26 


Y3 1 ! 


Y42 


YSO 


Y58 




23 


NTR7B 


TR7B 


NTR7B 


T87B 


NTR7 


TR7 


NTR7 


TR7 


JC 




















2S 


NTR6B 


NTRSB 


TR6B 


7K68 


NTR6 


NTR6 


TR6 


TRS 


^ 




















25 


NTR5B 


NTR58 


NTRSB 


NTRS 


TRSB 


TRSB 


TR58 


TRS 






















TR10B 


TR1CB 


TRIOB 


UiOS 


TRIO 


TRIO 


TRIO 


tr:o 


27 


TR9B 


TR93 


TR99 


T^e 


TR9 


TR9 


TR9 


TP9 


"^^^-^Of 




















22 


HTR83 


KTRBB 


NTP.PB 


H'RSB 


NTR8 


NTRS 


NTR8 


NTRS 


>}~0 


Y03 


Ytl 


Y1S 


Y27 


Y35 


YH3 


Y5I 


YS9 




23 


NTR7B 


TR7B 


NTR7B 


TR7B 


NTR7 


TR7 


NTR7 


TR7 


^° 














> 




21 


NT RGB 


NTR6B 


TRSB 


TRGB 


NTR6 


NTRS 


TRS 


TRG 


^ 














> 




25 
28 


NTR5B 


NTRSB 


HTR5B 


NTr?5 


TR5B 


TRSB 


TR5B 


TRS 
















i 




HTR10B 


NTR i OB 


NTRI08 


HTRHB 


NTR10 


NTRIO 


NTRIO 


NTRIO 


12 


NTR9B 


NTR98 


NTR98 


MkSB 


NTR9 


NTR9 


NTR9 


NTP3 


iS-^ — c 


















13 


TP.83 


TR88 


TR8B 


TP8B 


TR8 


7R8 


TR8 


TR8 


Y04 


112 


Y20 


TIB 


ns 


YHI 


Y5r • rso 




23 


KTP.7B 


TR79 


NTR7B 


IR^B 


NTR7 


TR7 


NTR7 


TR7 


JCr-^ 














| 




21 


BT86B 


NTR68 


TR6B 


i26S 


NTRS 


NTR6 


TR6 


T36 


s^ 














) 




25 
11 


KRSB 


NTRSB 


NTR58 


NiR5 


TRSB 


TRSB 


TRSB 


TR5 
















| 




TR10B 


TRICB 


TRIOB 


TkICL 


TRIO 


TRIO 


TRIO 


TRIO 


12 


KTR9B 


NTR9B 


NTR98 


NTR9B 


NTRS 


NTR9 


NTR9 


NTR9 


y 














• 
i 




13 
23 


7T8B 


TR68 


TRSB 


ii%88 


TR8 


TRS 


TRS 


TRS 


•jC£L-w_ 














i 




KTR78 


TR7B 


KTR7B 


TR73 


NTR7 


TR7 


NTR7 


TR7 




Y05 


Y13 


Y21 


Y29 


Y37 


YHS 


YS3 } YSI 




2H 


KTR68 


NTRSB 


TR6B 


Tk63 


NTR6 


NTRS 


TR6 


TRS 
















1 




25 
28 


KTR58 


NTRSB 


NTR53' 


KiSS 


TR5B 


TR5B 


TRSB 


TRS 
















| 




KTRIOB 


NTR 1 OB 


NTRIOB 


KTR10B 


NTR 10 


NTRIO 


NTRIO 


• NTRIO 


27 


TS9B 


TR9B 


TR93 


T3SB 


TR9 


TR9 


TR9 


TR9 


^^^V^-OT 














i 
i 




13 


TP8B 


TR8B 


TR8B 


TftBH 


TR8 


TC8 


TR8 


TRS 


>^~-o 


YOG 


Ym 


Y22 


Y30 


Y38 


Y1S 


YS1 1 Y62 




23 


NTR7B 


TR7B 


HTR7B 


T°7B 


NTR7 


TR7 


NTR7 


TR7 


^x- 7 ^ 














, 




24 


NTR6B 


HTR6B 


TRSB 


TR6B 


NTR6 


NTRS 


TRS 


TRS 


<^ 














\ 




25 


NTR5B 


N7R58 


NTRSB 


•'TRS 


TRSB 


TRSB 


TR58 


TR5 
















1 




If 


TBI 08 


TRICB: 


TRIOB 


TPIOB 


TRIO 


TRIO 


TRIO 


TRIO 


27 


TR98 


TR98 


TR98 


TR9B 


TR9 


TR9 


TRS 


TR9 


^^>^-\P7 














1 




13 


TR89 


TR8B 


TR8B 


TRSB 


TRS 


TR8 


TR8 


TRS 


>)"<> 


Y07 


YI5 


Y23 , 


Y3t 


Y33 


YH7 


Y55 j Y93 




23 


KTR7B 


TR78 


NTR7B 


TR7B 


NTR7 


TR7 


NTR7 


TR7 


^° 


















2*i 


WTR6B 


KTR6B 


TR68 


TRCB 


NTRS 


NTR6 


TR6 


TRS 


y^ 














1 




25 


NTR 58 


NTRSB 


NTR5B 


NTRS 


TR5B 


TR5B 


TR5B 


TRS 
















• 




NOTE: REFERENCE XDS DWG 


!49337-liA 


































901565A.612 



Figure 6-12. Y~Select Location Chart (Without Logical Sparing) 
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IRTAM°2 
NIRTAHP2 



lxTAM°2 



IRTAHP2 
NI3TAMP2 



IRTAHP2 

KI8TAHP2 



READ 



OUTPUT 



RDXOQPBS 
ROXOONEG 



RQXOlPffS 

RDX01NEG 



RGX02PffS 
R0X02NEG 



RDX03PtfS 
R0X03NEG 



RDXOMPffS 
RDX04WEG 



Roxnspers 

R0XO5NEG 



R0XO6 5 3S 
R0XO6NFG 



ROXOT^S 
RDX07NEG 



PIN 



09 



09 



STABT/FINISM 



PIN OUTPUT 



11 



TRACT 



CONNECTOR 
PIN 



1588? — oo-is— 

i 



P8 OA-HO 



xoos. 
xoor 



16-31- 



»-"-"- 



M8-63 



P8-0A 



8 

45 

-iff 



m- 



m 



m- 



w\\ 



64-79-- 
80-95- 
96-11 I- 
112-127- 



P8-OB-40 



-44 
-45 



-MS 

P8-0B-47 



mn 



4X02S. 
4X02F 



-128-143 

-1 44 -I 59 

-160-175- 

-176-191- 



.P8-1A-HC 



-44 

-45 



-46 

P8-1A-47 



mi 

3X0 
5X0 

4XQ3S 
4XC3F 



m- 



-192-207- 
-209-223- 
-224-239- 
-240-255- 



P3-1B-40 



-46 
D8-1B-47 



1X04S 
U04F" 

2X04F 

JX04S 

3XC4F 

4X045- 
4X04F 



-256-271- 
-272-297- 

-288-303- 
-304-319- 



P8-2A-4C 



-42 

-43 



-44 
-45 



-46 
P8-2A-47 



1XC5S . 
1XC5F 

mil 
mi 



-320-335- 
-336-351- 
-352-367- 
-368-383- 



P8-23-40 
-4! 



-42 
-43 



-44 
-45 



-46 
D 8-28-47 



IXOSS 
IX06F' 



m 



mth 

4X0S$_ 
*XC6r 



384-399- 
400-415- 
416-431- 
432-447- 



P8-3A-40 



-3J 



-44 
-45 



-46 



\Wl 

2X07S. 
2X07F 

3X97S- 

3X07F 



448-463 
-464-479 
-480-495 
-496-511 



^P8-3B-4C 
-41 



-46 
P8-3B-47 



Figure 6-19. Input/Output and Start'^Finish 
Location Chart (With Logical Sparing). . 
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INPUT 



(UTPUT 



PIN 



MODULE 



25B 



24B 



23B 



22B 



10B 



09B 



08E 



078 



28 


NTR10B 


NTR10B 


NTRlOB 


NTRlOB 


NTRIO 


NTRIO 


NTRIO 


NTR10 




12 


NTR9B 


NTR9B 


NTR9B 


NTR9B 


NTR9 


NTR9 


NTR9 


NTR9 


\ 


22 


NTRSB 


NTR8B 


NTR8B 


NTRSB 


NTR8 


NTRS 


NTR8 


NTR8 


t9V 6 o 


23 


NTR7B 


TB7B 


NTR7B 


TB7B 


NTR7 


TR7 


NTR7 


TR7 


Jcj> ° 


24 


NTR68 


NTR6B 


TRGB 


TR6B 


NTR6 


NTRG 


TRG 


TR6 


^ 


25 


NTR5BG 


NTR5BG 




NT-=AG 


T R t h "■ 


T; ^3R 


T R5AG 


TRRAR 




14 


TR10B 


TRIOB 


TRIOB 


TRIOB 


TRIO 


TRIO 


TRIO 


TRIO 


12 


NTR9B 


NTR9B 


NTR93 


NTR9B 


NTR9 


NTR3 


NTR9 


. NTR9 


\ 


22 


NTR8B 
NTR7B 


NTRSB 
TR7B 


NTRSB 
NTR7S 


NTRSB 
TR7B 


NTR8 
NTR7 


NTR8 
TR7 


NTR8 
NTR7 


NTRS 
TR7 


^^f s 


23 


JU ° 


24 


NTR6B 


NTRGB 


TRBB 


TR68 


NTR6 


NTR6 


TR6 


TR6 


^ 


25 


NTRSBG 


NTR53G 


\ ■ -■ •-- - :- 


G ; GRAG 


r ^vB. ; 


1 ^GBG 


'^t:va(j 


T~ C -AG 




28 


KTR1DB 


NTRlOB 


NTR103 


NTRlOB 


NTRIO 


NTRIO 


NTRIO 


NTRIO 


27 


TR3B 


TR9B 


TR?B 


TR99 


TR9 


TR9 


TR9 


TR9 


\ 


22 


NTR8B 
NTS73 


S'TRSB 
TR7B 


N1RS8 
NTR7B 


NTRSB 
TR7B 


NTR3 
NTR7 


».' T R 8 

TR7 


NTR8 
NTR7 


NTR8 
TR7 


iSV'o 


23 


J<J ° 


24 


NTR6B 


NTR6B 


TRGB 


TR6B 


NTR6 


WTR6 


TRG 


j, TR6 


^ 


25 


\TR5BG 


'.JJCDj 


\t--:a;: 


\~7.= :.-, 


T A i B G 


T '■ 5R'.: 


t«ga;^ 


TRGA" 




14 


TRIOS 


TRIOB 


TRIOB 


TRIOB 


TRIO 


TRIO 


TRIO 


TRIO 


27 


TR9B 


TR98 


TR3B 


TR38 


TR9 


TR9 


TR9 


TR9 


^^\ *-^ OS 


77 


NTRSB 
NTR7B 


NTRSB 

TR7B 


NTR8B 
NTR73 


NTR8B 
TR79 


NTR8 
NTR7 


NTR8 
TR7 


NTR8 
NTR7 


NTRS 
TR7 


lCV o 


23 


JV ° 


24 


NTRGB 


NTR6B 


TRGB 


TRGB 


NTR6 


NTR6 


TRG 


TR6 


^ 


25 


N T c '_ ec, 


NTP5PG 


-, i -' a,;. 


N T ^ G ~ \ 


" SiBi. 


T-GBG 


Tt - J GAR 


T - • A G 




78 


NTRlOB 


NTRlOB 


NTRlOB 


NTRlOB 


NTRIO 


NTRIO 


NTRIO 


NTRIO 


12 


NTR9B 


NTR9B 


NTR93 


N FR9B 


NTR9 


NTR9 


NTR9 


NTR9 


\ ■,, 


13 


TR83 
NTR7B 


TR8B 
TR7B 


TRSB 

NTK7B 


TR3B 
TR7B 


TR8 
NTR7 


TR8 
TR7 


TR8 

NTR7 


TR8 
TR7 


T^V 5 o 


23 


xJ ° 


24 


NTR6B 


NTRGB 


TRBB 


TRGB 


NTCG 


NTRG 


TR6 


TR6 


^ 


25 


STR'GBG 


v ~=G 


•.*■••:- 


i.T'-Ga;. 


'RGBC 


T A--RR 


1 -G-', 


~ agar 




14 


TR10B 


TR1GB 


T» I 08 


TRIOB 


TRIO 


TRIO 


TRIO 


Trio 


12 


NTR98 


NTR9B 


NTR93 


NTR9B 


NTR9 


NTR9 


NTR9 


NTR9 


\ 


13 


TRBB 


TR88 


TRSB 


7R8B 


TR8 
NTR7 


TR8 
TR7 


TR8 
NTR7 


TR8 


^rSY H o 


2.1 


NTR78 


TR7B 


NTR7B 




TR7 


J<J 


24 


NTRGB 


NTRPB 


TR6B 


TRGB 


NTR6 


NTR6 


TRG 


TRG 


^^ 


25 


RTRGb^ 


\7RCf-''- 


M^GRG 


NTR5A.;, 


7RGBG 


1 MR3G 


TRG, AG 


" .j '^ a ■ 




7-fl 


NTR10B 


NTR10B 


NTRlOB 


NTRlOB 


NTRIO 


NTRIO 


NTRIO 


NTRIO 


27 


TRBB 


TR9B 


1R9B 


TR98 


TR9 


TR9 


TR9 


TR9 


^T) 37 o 


n 


TR8B 
NTR7B 


TR8B 
TR7B 


TR8B 
IJIR7B 


TRSB 
TR7B 


TR8 
NTR7 


TR8 
TR7 


TR8 
NTR7 


TR8 
TR7 


23 


JO ° 


74 


NTR6B 


NTR6B 


TSGB 


TR6B 


NTR6 


NTR6 


TR6 


TR6 


^ 


25 


NTRRRG 


\TRGRG 


N T -: r - G 


NT r^a:- 


1 ":f ? "■ 


' m'-'HR 


T R'-.AR 


T AGAR 




14 


TRICB 


TRIOB 


TRIOB 


TRIOB 


TRIO 


TRIO 


TRIO 


TRIO 


27 


TR9B 


TR9B 


TR9B 


TR9B 


TR9 


TR9 


TR9 


TR9 




n 


TR8B 


TRSB 


TRSB 


TR88 


TR8 


TR8 


TR8 


TR8 


?1 


NTR7B 


TR78 


NTR7B . 


TR78 


NTR7 


TR7 


NTR7 


TR7 


JcJ ° 


74 


NTRGR 


NTRSB 


TRGB 


TRGB 


NTRG 


NTR6 


TR6 


TR6 


^ 


25 


NTRRBG 


NTRG BR 


NTRG AG 


mirac 


" R 5 RG 


; krpg 


1 ;<•_; A r- 


i r<5AG 





MODULE 
258 24B 23B 22B 10B 09B 08B 07B 



TOO 



TO! 



T02 



Y03 



YOH 



Y05 



YOG 



Y07 



Y08 


YI6 


Y24 


Y32 


Y40 


Y48 


Y5G 


Y09 


Y17 


Y25 


Y33 


Y4I 


Y49 


Y57 


Y10 


Y18 


Y2S 


Y34 


Y42 


Y50 


Y58 


Yll 


Y19 


Y27 


Y35 


Y43 


Y5I 


Y59 


Y12 


Y20 


Y28 


Y3G 


Y^4 


Y52 


YGO 


Y13 


Y2I 


Y29 


Y37 


Y45 


Y53 


1, 
TGI 


Y14 


Y22 


Y30 


Y38 


ns 


Y54 


YG2 


Y15 


Y23 


Y31 


Y39 


Y47 


YS5 


Y63 



NOTE: RUERLNCE XDS DWG: 14 9337-1 7B 



Figure 6-20. Y-Select Location Chart 
(Witli logical Sparing) 
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Figure 6-22. EP RAD Selection Unit, Spares 
Select Circuits, Logic Diagram 
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NOTES 



3 ALL GATE INPUTS OF THIS ELEMENT 
ARE OPEN (TRUE) 

2. REFERENCE XDS DWG: 149337-21 B 
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Figure 6-22. FP RAD Selection Unit, Spares 
Select Circuits, Logic Diagram 
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Paragraphs 7-1 to 7-4 



SECTION VII 
SPECIFICATIONS AND INSTALLATION DATA 



7-1 SPECIFICATIONS 

Specifications for the EP RAD storage unit are listed in 
table 7-1. An EP RAD file consists of a maximum of eight 
EP RAD storage units, one of which contains an EP RAD 
controller. 

7-2 INSTALLATION 

7-3 INSTALLATION REQUIREMENTS 

Refer to figure 7-1 for overall space requirements of an EP 
RAD storage unit, including front and rear access areas for 
maintenance. Refer to figures 7-2 and 7-3 for cabling re- 
quirements. 

Table 7-2 summarizes cable connections between an EP 
RAD controller and an IOP for various systems. The IOF 
equipment may be one of the following: 

a. Multiplexing Inpui/Output Processor Model 8271 
(Sigma 5) 



b. Multiplexing Input/Output Processor Model 8471 
(Sigma 7) 

c. Four-byte MI OP Model 8273 (Sigma 5) 

d. Four-byte MIOP Model 8473 (Sigma 7) 

e. Selector Input/Output Processor Model 8285 
(Sigma 5) 

f. Selector Input/Output Processor Model 8485 
(Sigma 7). 

g. Integral IOP (Sigma 2) 
h. Integral IOP (Sigma 5) 

7-4 INSTALLATION PROCEDURE 

The installation sequence indicated in table 7-3 may be 
used for installation of an EP RAD file as a subsystem of a 
comolere computer installation or as an addUion to a com- 
puter installation. 



Table 7-1. EP RAD Storage Unit Specifications 



Characteristic 


Specification 


Physical Characteristics 




Height 


63-1/2 inches 


Width 


29-1/2 inches 


Depth 


35-1/2 inches 


Weight 


1200 lbs 


Po /er Source Requirements 




Voltage 


208 Vac ± 10%, three-phase, 
60 ± 1/2 Hz 


Current 


. 


Starting (max) 


57A 


Running (max) 


15A 


Power Requirements 




EP RAD storage unit 


3000W 



(Continued) 
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Table 7-1. EP RAD Storage Unit Specifications (Cont.) 


Characteristic 


Specification 


Power Requirements (Cont. ) 




EP RAD controller 


300W 


EP RAD file (maximum size) 


24, 300W 


Operational Characteristics 




Disc file speed 


1774 rpm 


Period of revolution 


33. 8 ms 


Period per sector 


2.81 ms 


Intersector gap time 


100 M s 


1^ Effective data transfer rates 




Bits/second 


3, 070, 000 


Bytes/second 


354, 000 


Words/second 


88, 500 


Environmental Characteristics 




Ambient room temperature 


10°C to 40°C 




(50°F to 104°F) 


Relative humidity 


10% to 90% 



Table 7-2. Connections Between EP RAD Ccn! roller and lOP 



EP RAD CONTROLLER 
^ MODULE AND LOCATION 


IOP MODJIE AND LOCATION 


SIOP 


! Sigma 2 
MIOP [Integral IOP 


Sigma 5 
Integral IOP 


AT17 / 
26C »/ 

AT10 ,/ 
?8C W 

ATll v 
30C 

ATI 2 
32C ^ 

T ■ ATiT* 

■ \ 28B 
I ATll* 


ATll 
9E 

AT12 
HE 

ATll 
21E 

ATIO 
14E 

AflF 
19E 

ATll' 
17E 


ATll/ 
ID 

ATI 2 / 
14C 

ATll v/ 
32A 

AT10 y/ 

14B 

" " ATll** 
29A 

ATll** 
19C 


ATll 
7C 

AT12 
IC 

ATll 
3C 

ATll 
5C 


ATll 
9E 

ATI 2 
9F 

ATll 
8L 

AT10 
10L 


* Used only for two- or four-byte IOP interface (Models 8285/8485) 

* Used only for four-byte IOP interface (Models 8285/8485) 
**Used only for four-byte IOP interface (Models 8273/8473) 
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Table 7-3. Installation Procedure Checkoff List 



Item 



Operation 



Visually inspect crated equipment for obvious signs of damage during shipment 

Check that each item of the Installation Material List (IML) is included in the 
shipment 

Check that maintenance documents specified in the IML are included in the 
shipment 

Check that revision level of maintenance documents agrees with revision level 
of equipment* 

Check that revision level of diagnostic program documents agrees with revision 
level of media 



Do not tilt EP RAD storage unit morf than 15 degrees from 
vertical during uncrating 

Note 
Inspect equipment for damage during uncrating 

Uncrate equipment using following tools: 

a. Claw hammer 

b. 12-inch crescent wrench 

c. 1-1/8-inch socket wrench with 18-inch ratchet 

d. Four metal plates to prevent floor damage by EP RAD 
storage unit feet 

Locate equipment according to Installation floor Plan 

Note 

Do not move EP RAD storage unit after it has 
been installed and is operating 

before connecting power cables or control cables, check that all circuit breakers 
and switches of primary power source are off 



*Revision level of maintenance documents is indicated by change letter. Revision level of modules 
is indicated by change letter on mother board. Revision level of automated wire lists is indicated 
by letter suffix of part number. Revision level of equipment is indicated on attached sticker 

(Continued) 
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Table 7-3. Installation Procedure Checkoff List (Cont.) 



Item 


Operation 


9 


Check power supplies (PT16, PT17, PT18, PT19, and PT20) for loose connections 


10 


Check that all power supplies have circuit breakers set to ON and MARGIN 
switches set to N (normal) 


11 


Check power distribution boxes (PT14 and PT15) for loose connections 


12 


Check that items connected to the primary power source are distributed among 
all three phases as evenly as possible 


13 


Check primary power source outlets for proper wiring of each phase and neutral 
to ground 


14 


Check primary power cables for short circuits 


15 


Check power buses on side of each frame for short circuits and loose connections 


16 


Connect control cables according to Installation Cable List, noting the fol lowing 
features: 




a. Port expander cables are connected upside dov/n 




b. All terminated cables have 16 ohms impedance to ground 




c. Major assemblies of computer are located as indicated in Computer 
Assembly Chart 




d. Cables for add-on installations labelled end-for-end (A, B, C, ... ), so 
that corresponding ends can be identified after cables ore beneatn 




flooring 


17 


Check that modules of EP RAD selection units arc installed as indicated in 
figure 7-4 




Note 




Optional modules in EP RAD controller are depen- 
dent on use of one-, two-, or four-by.e interface 
with lOP 


18 


Check that modules of EP RAD controller are installed as indicated in figure 7-5 


19 


Connect primary power cabling according to Installation Power Chart 


20 


Turn on circuit breakers and switches of primary power source 



(Continued) 
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Table 7-3. Installation Procedure Checkoff List (Cont.) 



Item 



Operation 



21 



Check that all fans are operating 



Note 

EP RAD storage units are checked before ship- 
ment; however, the procedure of paragraph 8-4 
may be used as required during installation 



22 



Use turn-on procedure for each item of computer installation (computer, memory, 
IOP, peripherals) 



23 

24 



Exercise each item of installation with its diagnostic 



Exercise systems evaluation and test program (SEVA) 
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ASSEMBLY FILTER, POWER 

PEE. 



a:j.:t>-ekt r _' lfv:usg screws is 6 in. max. 

fOfil' PE v. -►'••ENTS. 

2C= / , c: - 0.5 Hi, 3 phase wrr input. 

PO-TP f ■: t. T E R 

PVASE start run 



TB1-1 


!6A 


2A 


TB-2 


r,k 


1 1 A 


TB-3 


It. A 


2A 



i <*''•; ' ^i 5 C "!N(mi n I ON. 

if >frf ,.; hohf than one storagf unit, 

SALAfcU luAC 81UTEN PnASlS AS FOLLOWS, 



VIEW 

SCALE: NONE 
(ROTATED 90° ccw) 

SIDE PANEL REMOVED 
FOP. CLARITY 



t OVl R 

M i T [ R 


UNIT 
' 6 i« 


UNIT 
2 


UNI T 
3 


TBI -1 


9 1 . 
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8 3 


„-.: B '- 2 -] 


?■'?-,, 


J t 


tf 1 
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STATION 7 
STORAGE UNIT 



"TTd3aT> 



TfDSA 



SELECTOR 
MODULES 



EC-102 



EC-102 



STATION 5 
STORAGE UNIT 



STATION 3 
STORAGE UNIT 



-TW 



TosT 



SELECTOR 



L MODULES 



EC-102 



EC-.102 



-T7W 



HM} 



SELECTOR 
MODULES 



EC-102 



£C-*G2 



Jm_ 



STATION I 
EC-801 



£MI> 



SaECTOH 
MODULES 



•EC--JB01 



-CUD- 
- TTHrn - 



EC-102 



EC-102 



CONTROLLER 
HOOULES j 



STATION 2 
STORAGE UNIT 



MD- 



MD- 



SELECTOR 
MODULES 



STATION "» 
STORAGE UNIT 
I 1 



EC-102 



EC-102 



-tt^tt 



SELECTOR 
MODULES 



EC-102 



STATION 6 

STORAGE UNIT 

I 1 

^To^r> 



EC-102 



EC-102 



EC-102 



SELECTOR 
MODULES j 



STATION 8 
STORAGE UNIT 

— LiPJLLU 

-OSD 



SELECTOR 
MODULES 



PT20 I 



I , 






TYPICAL 



fOO O O O 

J1 32 JS J 3 J4 



PT20 



fOO O O O 

11 J2 J8 J3 JH 



TB2 



TBI 



)?V. 50/60/ HZ 
38 



i 2 9 <=* '4 '4 - B 1 



129944-601 



PI20 



I 



too O O O 

Jl J2 J6 J3 J4 



~\ 



> TYPICAL 



y E3D 



j 



129944-601 



PT20 j 



♦ O 



O Q Q O O 

Jl J2 J8 J3 JH 



12994 4-242 



REMOTE ON-OFF 
IN 



PT20 



I . I 



too O O O 

Jl J2 J<? .3 J4 



1299'44-SOI 



PT20 



too O O O 

i J2 J8 J3 jy 



'29944-601 



PT20 | 



too o o o 

1 J2 J° .'3 J4 



PT20 



V"> 



ton o o o 

V 3.2 JS J 3 J4 



"V 



129944-601 



13 



12 Q 94U-L 



RER 
SEE SH. 2 



REMOTE ON -OFF OUT 
-^ TO SUBSEQUENT 

PERIPHERAL STATICS' 



Figute 7-2. EP RAD File, Cabling Diagram 
(Sheet } of 2) 

r /0)L6LA. 1'A. 
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MOTES, UNLESS OTHERWISE SPECIFIED 

1. REFERENCE DRAWINGS, 

A. INSTALLATION DRAWING, SIGMA SYSTEM POWER 
IMTIRCONNECTIONS.- 139273 

B. INSTALLATION DRAWING, RAD MEMORY - 126657 
t. INSTALLATION DRAWING, RAD MEMORY - 1 3281*1 

6. INSTALLATION DRAWING, RAD CONTROLLER - 1357U7 

E. INSTALLATION DRAWING, SINGLE BAY CABINET - 1311*17 

r. INSTALLATION DRAWING, DISC MEMORY - 1353U5 

S. PROCEDURE, INSTALLATION RAD 
INTERCONNECTIONS - 13Ui24 

H. INSTALLATION DRAWING, STORAGE UNIT-13753U 

^1. INSTALLATION DRAWING, CONTROLLER-1 37506 

J. INSTALLATION DRAWING PT20-13$|O9 

, K. INSTALLATION DRAWING STORAGE UN.IT-1U9338 

L. INSTALLATION ORAWING CONTROLLER 1U9333 



DE TAIL 



FOR CONNECTIONS OF SIGNAL AND PRIORITY CABLE 
CHAIN FROM THE RAO CONTROLLER TO THE IOP 
INTERFACE OR DEVICE CONTROLLER SEE, INSTALLATION 
DRAWING, PERIPHERAL OEVICE AND CONTROL 
PANEL- INTERCONNECTION SYSTEM-1 37113. 



8, ROUTE INTERCONNECTING SIGNAL CABLES ALONG 
HINGE SIDE OF FRAMES. 



9. ROUTE STATION TO STATION INTERCONNECTING 

SIGNAL CABLES ALONG CABLE TROUGHS PROVIDED 
AT THE TOP OF CABINETS. 



10. ROUTE AND HARNESS ALL CABLES AS REQUIRED 
USING CABLE STRAP - 12U712. 



38 FROM 
POSER FILTER 



TO MOTOR 
CONTROL UNIT 




120V. 50/60 HZ 

OUTPUT -REMOTE 

ON -OFF 



120V. 50/60 HZ 
0UTPUT-PT20- 



120V. SO/60 H2 
OUTPUT - FAN 




120V. 50/60 HZ 
INPUT -REMOTE 
ON-OFF 



2, AN EP RAO FILE MAY BE EXPANDED BY ADDING 
STATIONS TO EITHER SIDE OF THE STATION 
CONTAINING THE RAD CONTROLLER. FOR 
EFFICIENCY A NUMERICAL BALANCE OF 
ADDED STATIONS MUST BE MAINTAINED TO THE 
LEFT AND RIGHT OF THE CABINET CONTAINING 
THE RAD CONTROLLER. 



INSTALL SIDE PANELS TO EP RAD STORAGE UNITS 
fil EXTREME ENDS OF EP RAD FILE 



U.l INCOMING REMOTE ON-OFF POWER CABLE CONNECTS 
*-^3 TO "120V, 50/60 HZ INPUT, REMOTE ON-OFF" 

(J3) OF THE POWER DISTRIBUTION PANEL LOCATED 
IN THE CONTROLLER CABINET (STATION NO. 1). 
THE "120V, 50/60 HZ OUTPUT, REMOTE ON-OFF" 
(JU) OF THE LAST STATION IS AVAILABLE FOR 
CONNECTION TO SUBSEQUENT PHERIPHERAL STATIONS. 



INTERCONNECTING POWER CABLES ARE CONNECTED 
IN SEQUENCE FROM STATION NO. 1 TO NO. 3 TO 
NO. 2 TO NO. k AS SHOWN. (ALL CABLES BETWEEN 
STATION NO. 2 & NO. 3 ARE 12 FT.). IF THE 
SUBSYSTEM CONTAINS ONLY TWO STATIONS ( NO. 1 
I NO. 2), INTERCONNECTING POWER CABLES BETWEEN 
NO. 1 £■ 2 WILL BE 6 FT. 



II. 



RAD SUBSYSTEM TO BE ASSEMBLED WITH ALL 
CABINETS ADJACENT TO EACH OTHER. 



[Uy AC CORDS FURNISHED WITH PT20 POWER SUPPLY. 



MAXIMUM SIGNAL CABLE LENGTH FROM CONTROLLER 
TO LAST STORAGE UNIT IS FORTY FEET. 



3 PHASE-^'OWER INPUT IS TO BE ALTERNATED 
ONTO TB-I AT POWER FILTER TO PROVIDE EQUAL 
LOAD DISTRIBUTION AS FOLLOWS, 



LEGEND, 
A. 



PWR FILTER 


UNITS 1>,7 


UNITS 2,5,8 


UNITS 3 


,6 


TB1-1 


Si 


•2 


03 


TBI -2 


92 


• 3 


01 


TBI -3 


03 


01 


02 




TB1-H 


NEUTRAL 


TBI -5 




GROUND 







\< < 



3UC 



H 



-TERMINATOR CABLE CONNECTOR REQUIRED TO 
TERMINATE CABLE CmAIN 

UNIT ASSEMBLY CHASSIS DESIGNATION 
AND MODULE LOCATION 

CONNECTION MADE TO COMPONENT S I DE OF MODULE 

CABLE ASSEMBLY TYPE 
LENGTH 



33B 



CODE 
EC-L 



MAXIMUM NUMBFR OF STORAGE UNITS PER 
EP RAD FILE IS EIGJT(8). 



DESCRIPTION 

ETCHED TO COMPONENT 
CABLE ASSEMBLY 

TERMINATOR 



PART NO. 
12731U-CHARTED 



1273-15 



/T3 INPUT POWER (208V, 30, 50/60 HZ), INPUT POWER 
t^-a CABLES, AND 30 AMP. CIRCUIT BREAKERS FOR EACH 
RAD STATION TO BE PROVIDED BY THE CUSTOMER. 



SYMBOL 



16 REFERENCE XDS DWG: 137115-1C4C 



FUNCTION 
HARDWIRED CABLE 



CL3 



TERMINATE WITH 127315 TERMINATOR IF 
CABLE CHAIN SHOULD END AT THIS POINT. 



Figure 7-2. EP RAD File, Cabling Diagram 
(Sheet 2 of 2) 
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LOCATION 28A [SELECTION UNIT 

LOCATION 26Aj CABLE CONNECTIONS 



~o 

> 

n 
o 



n 

Q 
CT 



n 

o 



DEVICE 
CONTROLLER 
PRIORITY 
LINES 



FROM OUTPUT SIDE OF AT17 OF 
PRECEDING PRIORITY DEVICE 
CONTROLLER; REPLACE WITH 
TERMINATOR 128047 WHEN 
HIGHEST-PRIORITY DEVICE 
CONTROLLER 



FROM ATI? Of IOP 
OR AT10 OF PRE- 
CEDING DEVICE 
CONTROLLER 



IOP 

COMMUNICATIONS 
LINES, SHARED BY . 
ALL DEVICE 
CONTROLLERS 



FROM AT11 OF IOP 
OR ATI! OF PRE- 
CEDING DEVICE 
CONTROLLER 

FROM ATIO 

OF IOP OR 

AT12 OF PRECEDING 

DEVICE CONTROLLER 



I 



TO ,\TI2 CF 
SUCCEEDING 
DEVK.E 

CONTROLLER; 
.IE PLACE WITH 
TERMINATOR I2?3I5 
WHEN LAST DEVICE 
CONTROLLER 



TO ATM OF 

r"CCFCO!M3 

DcViCE 

CONTROLLER; 

REPLACE WITH 
TERMINATOR 127315 
WMEN LAST DEVICE 
CONTROLLER 



TO A. !0 OF 
SUi CEE.'ING 
CEVIC.t 
CON TROLL R; 
REPLACE WITH 
TERMINATOR 127315 
WHEN LAST DEVICE 
CONTROLLER 



CONTROL 
CHASSIS A 




CONTROL 
CHASSIS B 



X 



o 
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v \ 



US' 



CHASSIS A 

1 



32 


31 


1 1 I 
30 2? 28 27 26 25 24 23 22 21 20 19 18 


17 


16 


15 


]4 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 








LT 


LT 


LT 


LT 


LT 


LT 


LT 


LT 


BT 


BT 


IT 


AT 


BT 


HT 


AT 


LT 


LT 


FT 


FT 


IT 


XT 


BT 


LT 
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2 CHASSIS B 
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25£ 

NOTES:; 25T si>f 

1. MODULES IN LOCATIONS A1/,B26, AND A19 THROUGH A29 AR: LOGICAL SPARING CIRCUITS 



2. LT105 MODULES IN LOCATIONS A22 THROUGH A29 NEED NOT BE INSERTED UNLESS LOGICAL 
SPARING IS REQUIRED 

3. LT105 MODULES MUST BE INSERTED IN LOCATIONS A22 THROUGH A25 BEFORE ANY LT105 
MODULES CAN BE INSERTED IN LOCATIONS A26 THROUGH A29 
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Figure 1-4. EP RAD Selection Unit, Module Loco Hon Chart 
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UL 



CHASSIS A 
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CHASSIS C 



32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 1 7 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 
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AT 
12 



AT 
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AT 
10 



AT 

1/ 



-FT 
26 



11 



F F I LT 
27 29 



FTiFT 
12' !o 



SUBCONTROLLCR- 



CiL 



NOTES: 

1. MODULES IN LOCATIONS 11 BAND 25B THROUGH 28B MUST 
BE INSERTED WHEN 16- BIT DATA PATH OPTION IS INSTALLED 

2. MODULES IN LOCATIONS 118 AND 25B THROUGH 31 B MUST 
BE INSERTED WHEN 32- BIT DATA PATH OPTION IS INSTALLED 

3. PET CONNECTIONS USED ONLY DURING OFFLINE TEST OR FOR 
MONITORING ONLINE OPERATION 
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Figure 7-5. EP RAD Controller, Module Locafion Chart 
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Paragraphs 8-1 to 8-5 



SECTION VIII 
MAINTENANCE 



8-1 SCOPE OF SECTION 

The EP RAD file maintenance procedures in this section are 
for use following installation. However, the basic checks 
and adjustments of paragraph 8-4 can be used during instal- 
lation, if required. For any operation requiring relocation 
of an EP RAD storage unit/ refer to section VII. 

8-2 GENERAL MAINTENANCE 

All assembly and maintenance documents should be avail- 
able at the installation that includes the EP RAD file. 
These documents should accurately reflect the change level 
of the EP RAD file. 

External surfaces of the EP RAD file must be kept clean and 
dust free. Doors and panels must close completely and be 
in reasonable alignment. Ths tops of cabinets must remain 
clear to allow free intake and exhaust of air. 

The interiors of the EP RAD file must be kept free of wire 
cuttings, dust, spare parts, and other foreign matter. Nc 
clip leads or push-on jumpers should be in use during normal 
operation, and all cables must be neatly dressed by cicmps 
or routing. All chassis and frames must be properly belted 
down, with all hardware in place. Air filters should be 
checked periodically for cleanliness and replaced if dir f y. 

8-3 DIAGNOSTIC TEST PROGRAMS 

Diagnostic test programs should be run at frequent intervals 
as the primary preventive maintenance method for the EP 
RAD file. Programs should be <"un with the MARGIN switch 
of the PT20 power supply set at N (normal), L (low), and 
H (high). 

Note 

Before using a diagnostic test, check that 
documentation and media are for the same 
revision level. 

The following documents are required for diagnostic testing: 
Title XDS Publication No. 



Title 

Diagnostic Control Program for 
Sigma 5 and Sigma 7 Computer Pe- 
ripheral Device, Reference Manual 

Sigma 5 and 7 Relocatable Diag- 
nostic Program Loader, Diagnostic 
Program Manual 

Sigma 2 Relocatable Diagnostic 
Program Loader, Diagnostic Program 
Mental 

Sigma 2 High Capacity, Rapid Access 
Data (RAD) File Test, Diagnostic 
Program Manual 



XDS Publication No. 



900712 



900972 



901 128 



901538 



Sigma 5 and 7 Extended Performance 
Rapid Access Data (RAD) File, Pro- 
gram No. 704978B, Diagnostic 
Program Manual 



901540 



Any failures that cannot - be isolated using the diagnostic 
test programs may be isolated using one or more of the off- 
liny tests. 

8 4 BASIC CHECKS AND ADJUSTMENTS 



During adjustment procedures, it will be 
often necessary to remove a module, in- 
sert the card extender (XDS part No, 
1 17306), and adjust components of *he 
module. Before removing a module, shut 
down dc power from the PT20 power sup- 
ply by setting the circuit breaker to OFF. 
After inserting the card extender and the 
module, set the circuit breaker to ON. 

8-5 PRELIMINARY OPERATIONS 

a. Check that ac power is not connected to the EP 
RA D storage unit. 

b. Check that allcables are installed. (See figures 
7-2 and 7-3. ) 

c. Inspect controller and selection unit for -loose wires, 
bent pins, or other obvious mechanical defects. 

d. At the power distribution panel, check that the 
REMOTE-OFF-ON switch is in the OFF (center) position. 
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Note 

For normal operation, the EMERGENCY 
USE ONLY circuit bieaker is left ON, 
so that pov/er is always applied to the 
compressor. For installation or test, the 
circuit breaker may be set to OFF. 

I e. At the motor control assembly, check that the 

POWER switch is OFF, and that the circuit breaker (under 
the EMERGENCY USE ONLY cover) is OFF. 

8-6 POWER TEST 

a. Connect the EP RAD storage unit to the ac power 
source. 

^ b. At the PT20 power supply, set the MARGIN switch 
^fo N (normal) and the circuit breaker to ON. 

c. At the power distribution pane!, set the REMOTE- 
OFF-ON switch to ON. 



Note 

If any of the voltages measured are not 
within ±2 percent of nominal value, ad- 
just as necessary, using the Jest point of 
the selection unit as a reference. (Refer 
to XDS publication No. 901 157 for adjust- 
ment procedure. ) 

d. Check the dc voltages of ihe controller and the 
selection unit as follows: 



e. Check that the phase relation at TBI of the power 
distribution panel is as follows: 



UL 



OS 



Vol tag* 

+4.0 

+8.0 

-8.0 

+25.0 

-25.0 

+45.0 



Controller Selection Unit 



2A-49 
2A-51 
2A-50 



20B-49 
213-51 

20B-50 



20B-45 (2!B4-£) 



20B-41 

2IB-46 



Phase 
A 
B 
C 



Pin 
TB-1 
TB-2 
TB-3 



f. At the motor control assembly, set the circuit 
breaker (under EMERGENCY USE ONLY cover) to ON. 
Check that the compressor starts. 

g. Set POWER toggle switch to ON. Check that ihe 
disc rotates clockwise. 

8-7 ADJUSTMENT OF TIMING SIGNALS 

a. While observing the output at lest point A of the 
CT10 Clock Oscillator module (controller location 2A), / / / 
adjust inductor LI for peak signal amplitude. ^"" r 

b. Adjust pulse shape potentiometer RI6 for positive 
pulse width of 140+10 ns at pin 2A-34. (See figure 8-1. ) 

c. Replace CT10 Clock Oscillator module ana remove 
sector/index amplifier P35 from location IB of the selec- / /^T 
tion uni^. Connect sector/index amplifier P35 through the 

card extender. 



d. Adjust R28 for waveshapes ns illustrated in figure 



8-2. 



e. Synchronize on bignal IP ' v pin 2B-13) and observe 
signals IP and SP (pin 2B-19). Check that there are 1 1 SP \J £J 
pulses for each IP pulse and that waveforms are as indicated 

in figure 8-3. 

Note 

If there are not 11 SP pulses for each IP 
pulse, as indicated, the timing track 
must be re-recorded, as described in JT18 
Operating Procedure, XDS Drawing No. 
134293. 

f. Replace sector/index amplifier P35. 

8-8 POWER FAIL-SAFE TEST 

a. Remove WT29 Power Monitor module from selection 
unit location 4B. 



\ CAUTiON \ 

If the phase relations specified are not 
correct, the magnetic surface of the 
disc file and the flying heads may be 
damaged. 



Note 

If adjustment potentiometers of WT29 
module have been sealed, skip to step 
I. If potentiometers have not been 
sealed, proceed with step b. 
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OL 



CLK3MH 
(2A-34) . 



|-*-Tl-»- 



T2 






NOTES: 

1. ITEMS IN PARENTHESES INDICATE LOCATION IN THE EP RAD CONTROLLER 
(MODULE - PIN NUMBER) 

2. Tl IS 140 ± IONS 

3. T2 IS 324 TO 336 NS 



901565A.813 



Figure 8-1. Signal CLK3MH, Timing Diagram 



OS OB-30) L 



-*H Tl Us- *~1 72 r* 



a vs 



A. SECTOR PULSE 

— T3 



OS 



SECT 
(1 B-30) 






^ K 



— »H Tl r**- -*H T2 I- - ®- -js-i Tl I-**- -*-i T2 r*- 

B. INDEX PULSE 
NOTES: 

1. ITEMS IN PARENTHESES INDICATE LOCATION IN THE EP RAD SELECTION UNIT 
(MODULE - PIN NUMBER) 

2. Tl IS 400 TO 750 NS 
3* T? IS 500 TO 2500 NS 
4. V3 1S 9.5 pS MAXIMUM 
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Figure 8-2. Signal SECT/ Timing Diagram 



b. Connect the WT29 Power Monitor module through 
card extender. 

c. Connect a clip lead from pin 4B-44 to pin 4B-45. 

d. At the power distribution panel, remove fuse Fl. 

e. On the WT29 module, adjust R15 untilsignal AOK 
(pin 4B-26) just reaches 0. 0V. (Normal voltage is +8.0 
±1.0V.) 

f. Remove the clip lead installed in step b and re- 
place fuse Fl (removed in step c). 

g. Remove the WT29 module (with card extender from 
location 4B) and place in location 5B. 

h. Check that output at pin 26 is normal (+8. ±1. 9V). 

i. Adjust R5 counterclockwise until output level falls 
to 0V; then adjust R5 siowly clockwise until output level 
returns to normal range and remains there. 



}. Adjust Rl 1 as described in step i for P5. 

k. Adjust R19 as described in step i for R5. 

I. Replace the WT29 module in location 4B. 

m. Check that signal NPDLY (selection unit location 
10A-14) is at +4V. 

n. Temporarily connect selection unit pin 10A-31 to 
ground. Check that signal NPDLY falls to 0V\ 

Note 

If 10 --second delay is not attained after 
removal of ground connection in step o, 
adjust R10 on OT15 10-Second One-Shot 
module (selection unit location 6B). Use 
card extender during adjustment. 
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— *J U«- 2.2 TO3.0pS 
^■Ua (2B-19) _J I i i J L 



k, 



78 TO 2. 91 MS /./ — 

A. SECTOR PULSE 



IP us 

<^.^-42B-13)_ 



-*-| (-*- 2. 2 TO 3. H S 



33. 4 TO 35. 4 MS- 



-/ h 



-/ A- 



-*»-| 



B. INDEX PULSE 



33. 4 TO 35. 4 MS - 



IPR 
(2B-13) 

SPR 
(2B-19) 



-»*j 



ov% 



-sso-4 



J_J L 



— 2. 78 TO 2. 91 MS 

C. RELATION OF INDEX PULSE AND SECTOR PULSE 
NOTE: 
ITEMS IN PARENTHESES INDICATE LOCATION IN THE EP RAD SELECTION UNIT (MODULE-PIN NUMBER) 9 oiv- A en 



Figure 8-3. Signals SPcrsd IP, Timing Diagram 



o. Remove ground connected in step n. Check that 
NPDLY remains at 0V level for at least 10 seconds fol 'ow- 
ing removal of ground connection. 

W ADJUSTMENT OF AT41 WRITE CLOCK DRIVER 

a. At the power distribution panel, cherk that the 
REMOTE-OFF-ON switch is OFF (renter). 



b. Insert PET connector PI 81 in controller location 



32A. 



c. Insert PET connector PI 83 in controller location 



30A. 



d. Check that all modules are inserted in controller 
(figure 7-5) and in selection unit (f'gure 7-4). 

e. Place the PET panel overlay (figure 8-4) over the 
PET control panel. 

f. Set the PET panel ADDRESS switches to the ad- 
^s of the EP RAD storage unit under test. 



g. A* the controller, place online/offline switch of 
LT25 Special Purpose Logic module (location 23C) in the 
position (down). (See figure 2-2.) 

h. Ai PET, place PET/MONITOR switch to ?ET, place 
three switches marked with arrows to position indicated by 
arrowhead, and place all other switches in down position. 

i. Apply power to PET. 

j. Apply power to the controller and selection unit. 

k. Se!- the following switches in the up post! ion: 
ORDER 1, SIO, REPEAT, and COUNTER RESET switches 
1, 2, 4, 8, 16, and 32. 

I. Press and release the RESET pushbutton. 

m. Press and release the COUNTER INITIALIZE push- 
button. 

n. Press and release the FS pushbutton. Note that 
the WRITE lamp is lighted, and that the TRACK lamps incre- 
ment from TRACK lamp 10 lighted (000 0000 0001) to TRACK 
lamp 5 lighted (000 0010 0000), and repeat. 
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CAUTION 



Remove dc power before removing modules. 

"-— — o. At controller, remove BT 11 Buffered AND Gate 
module from location 7A. 

p. Connect a clip lead from ground to signal REND 
(pin 7A-1). 

q. Connect a clip lead from signal RWCK-3 (pin 2A- 
10) to signal SC2D (pin 7A-35). 

r. At selection unit, remove AT41 Write Clock 
Driver module from location 10A and connect through card 
extender. 

s. Synchronize on, anddispiay, signal NSC2R(18A-27). 

t. Alternately adjust L4 and L6 for maximum sinusoi- 
dal amplitude at pin 18A-2. 

Note 

For jitter test, trigger the oscilloscope on 
the falling edge of signal MC6 (pin 18A- 
8). Adjust falling edge of signal MC6 for 
thinnesi trcce possible. Use. the expanded 
scale to check the next two falling edges 
for jitter. Any jitter on these edges will 
seriousl/ reduce the overall timing margin 
of the system. 



u. Adjust R43 to place the falling edge of signal MC6 
within 130 to 140 ns from falling edge of signal NSC2R, as 
indicated in figure 8-5. 

v. If any jitter Is observed on signal MC6, readjust 
L4 a maximum of 1/8 turn in either direction to remove 
jitter. 

w. Recheck the sine wave at pin 18A-2 to check that 
the amplitude has not decreased. 

x. Remove clip leads installed in steps p and q. 

y. Replace AT41 module in location 18A. 

z. Disconnect PET. 

8-10 DATA PATH TIMING ADJUSTMENT 

a. At the power distribution panel, check that the 
REMOTE-OFF-ON switch is OFF (center). 



b. Insert PET connector P181 in controller location 



32A. 



30A. 



Insert PET connector P183 in controller location 



d. Check that all modules are inserted in controller 
(figuie 7-5) and in selection unit (figure 7-4). 
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NOTES: 

1. ALL SIGNALS ORIGINATE IN EP RAD SELECTION UNIT 

2. ITEMS IN PARENTHESES INDICATED MODULE LOCATION AND PIN NUMBER 
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Figure 8-5. Date Clock Signals, Timing Diagram 



e. Place PET pane! overlay (figure 8-4) over the PET 
rol panel. 

f. Set the PET panel ADDRESS switches to the eddress 
of the EP RAD storage unit under test. 

; g. At the controller, place the online/offline switch 
of the LT25 Special Purpose Logic module flocation 23C) 
in the position (down). (See figure 2-2. ) 

h. At PET, place the PET/MONITOR switch to PET, 
place the three switches marked with arrows to the positions 
indicated by the arrowhead, and ntace all other switches 
in the dov/n position. 

i. Apply pow^r to the PET. 

{. Apply powsr to the coni oiier and selection unit. 

k. Set the following switches in the up position: 
ORDER 1, SIO, and DATA 1, 3, 5. and 7. 

Note 

Steps k, I, and m cause a 01010101 
pattern to be written on the disc file. 

I. Press and release ihe RESET Pushbutton. 

m. Press and release the FS pushbutton. 

n. At the selection unit, remove the LT85 Pulse 
Packing Compensator module from location 14A. 



p. Set the following switches in the up position: 
ORDER 2, SINGLE TRACK, REPEAT, and COUNTER RESET 
1. 

q. Press and release the RESET pushbutton. 

r. Press and release the FS pushbutton. Check rhat 
the READ lamp is lighted. 

Note 
Disregard any error indicators. 

s. Remove the AT51 Clock Discriminator module from 
location 15A. 

t. Adjust R33 of the AT51 module to the center of its 
range (approximately 12 turns from either end). 



u. Adjust R20 of the LT85 module fully counterclock- 



wise. 



v. Adjust Mie oscilloscope to trigger on signal C P (2B- 
19), using a timebase of 10 ps/cm. 

w. Insert the AT51 module in place (location 15A) 
using the card extender. 

x. Display the data test point (pin 15A-5) on the A- 
trace of the oscilloscope and trigger the A-trace timebase 
negative o.'. the data test point signal. 



Note 



Note 

Do not replace the LT85 module at this 
time. 



o. Set the following switches in the down position: 
\,:R ) and all DATA switches. 



Operate the oscilloscope in the A- 
delayed-by-B mode, 100 ns/cm. 



y. Display the clock test point signal (pin 15A-7). 
Adjust the delay multiplier of the oscilloscope to view the 
data pattern close to the preamble. 
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z. Adjust R33 on the AT51 module for a delay of 230 
±2 ns (A, figure 8-6). Use the expanded scale of the os- 
cilloscope. 

aa. Replace the AT51 module in location 15A and in- 
sert the LT85 module (location 14A) using the card extender. 

ab. While viewing test points of the AT51 module (A, 
figure 8-6), adjust R20 on the LT85 module for a period of 
270 i-2 ns. 

ac. Synchronize negative on, and observe, signal 
DAIR (controller pin 26A-13). Observe signal DSR (con- 
troller pin 26A-I0). Use an A-t?mebase of 100 ns/cm. 

ad. At the selection unit, replace the LT85 module in 
location 14A and insert the LT77 Data Decoder module (lo- 
cation 13A), using the card extender. 

ae. Adjust R20 on the LT77 module for delay time be- 
tween signal DAIR and signal DSR (B, figure C~£). 

af. At the PET, set the REPEAT switch to the down 
position ond write data on ihe entire disc. 



ag. Read the contents of the disc. No errors should 
occur. 

8-11 OFFLINE TESTS 

Peripheral Equipment Tester Model 7901 (PET) is required to 
perform offline tests. Offline tests enable the PET to simu- 
late IOP signals and cause the EP RAD file to respond as it 
would for actual IOP signals. Single-phase operation of the 
EP RAD file can be controlled from the PET. The PET may 
also be used to monitor online operation. The PET panel 
overlay (figure 8-4) is used with the PET during offline test- 
ing of the EP RAD file. The functions of switches marked by 
the PET panel overlay are indicated in table 8-1. Test 
equipment required for offline testing is listed in table 8-2. 

8-12 PRELIMINARY OPERATIONS 

a. At the power distribution panel, check that the 
REA^OTE-OFF-ON switch is OFF (center). 

u. Insert PET connector P181 in controller location 32A. 

c. Insert PET connector PI 83 in controller location 30A. 



$d-U 



TEST POINT +6V 



(15A-5) 



0V 



TEST POINT -3 
(15 A-/) 



DAIR (26A-13) 



DSR (26A-10) 



-3\' <n 

- 6V V- 






FOR C TO TRANSITION: 230±2 NS T?£^ iSR 
FOR i IO TRANSITION (PREAMBLE): 270 ±2 NS R?Q 



r 



r^i 



r\ 



A. EP RAD SELECTION UNIT SIGNALS 



-120 NS (NOMINAL) 
-160 NS (MAXIMUM) 



ft&j £?r it r? 



L 



B. EP RAD CONTROLLER SIGNALS 



NOTES: 

1. THE NUMBERS AND LETTERS IN PARENTHESES INDICATE MODULE LOCATION AND PIN NUMBER 

2. SHADED AREAS INDICATE RANGE OF RISE TIME 



901565A.804 



Sh 



Figure 8-6. Data Synchronization Signals, Timing Diagram 
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Table 8-1. Functions of PET Panel Overlay Switch Designations 


Switch Designation 


Function 


I 


PET/MONITOR switch 


When in PET position, transfers control of EP RAD con- 
troller to PET; when in MONITOR position, transfers 
control of FP RAD controller to IOP, but enables INDI- 
CATOR lamps to display state of controller as selected by 
IND. UP switch 




RESET pushbutton 


Resets EP RAD controller by generating a true RSTP signal 




FS pushbutton 


When pressed, simulates function strobe signal by gener- 
ating a true FSP signal 




HIO switch 


Simulates function indicator HIOR 




TDV switch 


Simulates function indicator TDVR 




TIO switch 


Simulates function indicator TIOR 




SIO switch 


Simulates function indicator SIOR 




SINGLE TRACK switch 


Inhibits track register from incrementing by generating 


' 




a true SGLTRKP signal 




REPEAT switch 


Permits continuous operation on tracks defined by the 
SINGLE TRACK switch 




ORDER 1 sv/itch" 








ORDER 2 switch 
ORDER 4 switch 


► 


Generate order codes as follows: 




ORDERS switch _ 




Order Switch 






3 4 2 1 






Write 1 






Seek 11 






Read 10 






Sense 10 


i 




Checkwrite 10 1 




ALTERN. ORDERS switch 


Provides a means of executing an automatic write oper- 
ation before the order set into the ORDER switches is 
executed 




ERROR STOP switch 


Halts the operation being executed when a transmission 
error is received. When an error is detected, the failing 
track number is displayed and the sector counter is incre- 
mented by one 




IND. UP switch 


Selects the upper row or lower row of functions to be 
displayed by the 16 PFT indicators 




SINGLE PHASE switch 


Enables the single pha:e mode of operation. Used with 
PHASE STEP pushbuttor to progress through an operation 
one phase at a time 




PHASE STEP pushbutton 


Provides an enable pulse which generates one clock signal 
to cause a change of phase in the controller 



(Continued) 



8-8 



XDS 901565 



Paragraph 8-13 



Table 8-1. Functions of PET Panel Overlay Switch Designations (Cont. ) 



Switch Designation 



Function 



COUNTER RESET switches 

COUNTER INITIALIZE 
pushbutton 

DATA switches 

UNIT ADDRESS switches 

INDICATOR lamps 

(Arrows) 



Select the number of tracks to be operated on. Cause a 
reset term (RSTP) to be generated when the PET interna! 
counter equals the value set in COUNTER RESET switches 

Resets PET interna! counter 



Simulate lOP data 

Address one of eight storage units 

Display one of two sets of 16 signals from EP RAD con- 
troller, depending on position of 1ND. UP switch 

Not used. Piece each switch in position indicated by 
adjacent arrowhead 



Table 8-2. Test Equipment Required for Offline Tests 



Equipment 


Part No. 


Manufacturer 




Card Extender 


117306 


XDS 




Timing Track Recorder JT18 


134046 


XDS 




Peripheral Equipment Tester (PET) Model 7901 




XDS 




PET Panel Overlay 


147152 


XDS 




Oscilloscope 


Model 543 


Tektronix 




Preamplifier 


Model 1A1 


Tektronix 




Volt-ohm-mi Hi ammeter 


Model 630A 


Triplett 





d. Check that all modules are inserted in the control- 
ler (figure 7-5) and in the selection unit (figure 7-4). 

e. Place ihe PET panel overlay (figure 8-4) over the 
PET control panel. 

f. Set the PET panel ADDRESS switches to the address 
of the EP RAD storage unit under test. 

g. At the controller, place the online/offline switch 
on the LT25 Special Purpose Logic module (location 23C) in 
the position (down). (See figure 2-2. ) 

h. At PET, place the PET/MONITOR switch to PET, 
place the three switches marked with arrows to the position 
indicated by the arrow, and place all other switches in the 
down position. 

i. Apply power to the PET. 

j. Apply power to the controller and selection unit. 



k. Perform testing as requited. 
8-13 SINGLE PHASE SEQUENCES 



o, Perform the preliminary operations described in 
paragraph 8-12, unless previously done. Check that 
switches are in positions noted in steps e through h of para- 
graph 8-12. 

b. Place the HIO switch and ihe SINGLt. PHASE 
switch in the up position. 

c. Press and release ihe RESET pushbutton. Note that 
the PHFS lamp is lighted. 

d. Press and release the FS pushbutton. Note that 
the PHFS lamp goes off and that the PHFSZ lamp is lighted. 

e. Press and release the PHASE STEP pushbutton. 
Note that the PHFSZ lamp goes off and that the PHFSL lamp 
is lighted. 



#' 



ragraphs 8-14 to 8-15 
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f. Press and release the PHASE STEP pushbutton again. 
Note that the PHFSL lamp goes off, and that the PHFS lamp 
is lighted. 

g. Place the HIO switch in the down position, 
h. Place the TDV switch in the up position. 

i. Repeat steps c through f. p - 

j. Place the TDV switch in the down position. ' l< 



k. Piece the TIO sv/itch in the up position. 
I. Repeat steps c through f. 
m. Perform additional testing as required. 
|14 ILLEGAL ORDER SEQUENCE 



WMMMH 



a. Perform the preliminary operations described in 
paragraph 8-12, unless previously done. Check that switches 
are in positions noted in steps e through h of paragraph 8-12. 

b. Piece the SIC switch and the SINGLE PHASE 
sv/itch in the up position. 

c. Prsss and release the RESET pushbutton. Note that 
the PHFS lamp is lighted. 

d. Press and release the FS -rjshbuiton. Note that the 
PHFS lamp goes off and that the PHFSZ lamp is lighted. 

e. Press and release the PH/^E STEP pushbutton for 
each step of the following sequence: 



Step Lamps Lighted 



Remarks 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 



PHFSL 



PHFS, DCB, DVO 



(u>i~)4-&C24 



PHFSZ 

PHFSL 

PHRSA 

PHRS 

PHTO 



2j&& 



A successful SIO sets DCB. 
Order out service cycle 



PHFS, DATA, IN 
PHFSZ, UNE 
PHFSL 
PHRS 



J 
2-C 2^- 



Data in service cycle. 
^Data lamp off. Illegal 
order sets UNE 



Step Lamps Lighted 

12 PHRSA 

13 PHRS 

14 PHTO 

15 PHFS, UNE 



Remarks 



Data in service cycle. 
" Data lamp off. Illegal 
order sets UNE 



Order in service cycle. 
IN lamp goes off 



f. Perform additional testing as required. 
Note 

Relation between DATA switch settings 
and bytes of seek order is as indicated 
in table 8-3. 

Table 8-3. Data In Bytes of Seek Order 



DATA Switch 



Byte 



TOF (track overflow bit}* 
(not used)* TOO 1^3 
(not used)* T01 A1RH& 
T02 AlPrZA 
T03 A*lX*4H 
T04 A*i&4Z. 
T05 <\c\®^ 
T06 Atl&ZjQ 



Byte 



7- 



TC7 A Get 
T03 At& 
TC9 A%t i 
TIO A&4\Z4 
SCO- A%t\*k 
SOI* AS&42* 
S02 >l3/3 
SC3 4Sfrj2i 



*I ;r TOF, TOO, or TO! true, a sector unavailable 
error occurs 

*If S00 and SOI are both true, a sector unavailable 
error occurs 



€ 



8-15 SINGLE PHASE SEEK ORDER 



ft>3) A Mo a, 



a. Perform the preliminary operations described in 
paragrnph 8-12 unless previously done. Check thef switches 
are in positions noted in steps e through h of paraaraph 8- 
12. 



b. Set the following switches in the up position: 
SINGLE PHASE, ORDER*?TORDERff SIO, PET. 

c. Set DATA switches 3 through 7 to the center 
sition. 



po~ 



d. Press and release the RESET pushbutton. Note that 
5C5* the PHFS lamp is lighted. 



8-10 



e. Press and release the FS pushbutton. Note that 
,3C 38 tne PHFS ,am P 9 oes off and that the PHFSZ lamp is lighted. 

f. Press and release the PHASE STEP pushbutton for 
each step of the following sequence. 



Step 


Lamps Lighted 


Remarks 




PHFSL 

PHFS, DCB, DVOJ 


SIO accepted 


Self 3 


PHFSZ ^ 




%£4j~ 4 


PHFSL 




XC 36 5 


PHRSA 


-Order out servic 


m*&0t£ 6 


PHRS 




/13C& 7 


PHTO 




STC5 8 


PHFS, DATA ^ 




"3£3S 9 


PHFSZ 






PHFSL 
PHRSA 


> Byte one of seel< 


■ ;: j^tas 12 


PHRS 




2^S^«3 


PHRSA J 
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\ Step 


Lamps L 


ighted 


Remarks 


ea. 

3 


PHFSL 


■> 




r 

4 


PHRS 






5 


PHRSA 




DATA lamp goes off. 
Order in service cycle 


6 


PHRS 






7 


PHTO 


- 




8 


PHFS 




DCB lamp and IN lamp 
go off 



g. Place the IND. UP switch to the up position. Note 
that TRACK lamps 2, 3, 4, 5, and 6 are lighted. 

;( -?- ' 1 . 

h. Set DATA switches through 4, 6, and 7 to the 
) center position, and set DATA switch 5"to the down position. 

'x. 

i. Place the IND. UP switch to the down position. 

j. Press and release the PHASE STEP pushbutton. 
Note that the PHRSA lamp goes off and the PHRS lamp is 
lighted. 

k. Press and release the PHASE STEP pushbutton again. 
Note that the PHRS lamp goes off and the PHTO lamp is 
lighted. 

I. Place the IND. UP switch to the up position. Note 
that all TRACK lamps are lighted. 

m. Press and release the PHASE STEP pushbutton for 
each step of the following sequence. 



n. Set DATA switches 0, 1, and 2 to down position; 
set DATA switches 4 and 5 to center position. 

o. Repeat steps d through f. A new seek order with 
different byte is stored. 

p. Repeat steps j, k, and m. Note thai lamps SUN 
and UNE ore lighted at step 1 of m. This indicates that a 
sccior unavailable error vos detected ?n the second byte 
(S00 and SOI both true). 

a. Perform additional testing as required. 

8-16 SING LE PHASE SE NSE ORDER /o 1(\a 4 C%t\ 

a. Perform the preliminary operations described in 
paragraph 8-12, unless previously done. Check that 
switches are in positions noteo in steps e through h of para- 
graph 8-12. 

b. Set the following switches in the up positions: 
SINGLE PHASE, ORDER/4^ SIO, and PET. ' 

c. Press and release the RESET pushbutton. Note that 
the PHFS lamp Is lighted. 

d. Press and release the FS pushbutton. Note that the 
PHFS lamp g .es off and that the PHFSZ lamp is lighted. 

e. Press and release the PHASE STEP pushbutton for 
each step of the following sequence. 



Step Lamps Lighted 

1 PHFS, IN 

2 PHFSZ 



Remarks 

DATA lamp goes off. 
Order in service cycle 



Step 


Lamps Lighted 




Rema 


1 


PHFSL 


SIO accepted 


2 


PHFS, DCB 


■> 




3 


PHFSZ 






4 


PHFSL 




► Order out serv 


5 


PHRSA 






6 


PHRS 


> 
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Step 


Lamps Lighted 


7 


PHTO 


8 


PHFS, DATA, 


9 


PHFSZ 


1 10 


PHFSL 


11 


PHRS 


12 


PHRSA 


13 


PHRS 


14 


PHRSA 


m 


PHRS 


16 


PHRSA 


17 


PHRS 


18 


PHTO 


19 


PHFS 


20 


PHFSZ 


21 


PHFSL 


22 


PHRS 


23 


PHRSA 


24 


PHRS 


» 


PHTO 


26 


PHFS 



Remarks 



Order out service cycle 



V £ ■ 



Data ir. service cycle 
► (three bytes of sense 
order) 



DATA lamp goes off. 
Order in service cycle 



DCB lamp and IN lamp 
go off 



f. Perform additional testing as required. 
8-17 REPE A T MO D E S EEK ORDER 

a. Perform preliminary operations described in para- 
graph 8-12, unless previously done. Check that switches 
are in positions noted in steps e through h of paragraph 

8-12. , ^ 

■ . ,■ V it"?'"- ... - ■• '■■■ tif'* , ' J "" " " "" <- 

b. Set the following sv/itches in 'he up position: 
ORDERS, ORDER f, SIO, PET, and REPEAT. 

3 ^ 

c. Press and release the RESET pushbutton. 



Note 

During step d, the controller cycles con- 
tinuously through the phases indicated in 
paragraph 8-15. All lamps listed will be 
lighted briefly and will appear to be dimly 
lit. 

e. Set the REPEAT switch to the down position. Note 
that the PHFS lamp is lighted. 

f. Set the REPEAT switch to the up position. 

g. Press and release the FS pushbutton. Note that the 
DCB lamp is lighted and that the controller cycles as in step 
d. 

h. Set the IND. UP switch to the up position. 

i. Set each DATA switch, one at a time, in turn, to 
the up position. For each DATA switch, note that the cor- 
responding TRACK lamp, as indicated in table 8-3, is 
lighted. For DATA switches 0, 1, and 2, note that UNE 
and SUN are lighted. 

j. Perform additional testing as required. 

8-18 SINGLE PHASE WRITE ORDER (oa) jliCAet 



a. Perform the preliminary operations described in 
paragraph 8-12, unless previously done. Check that ?, //itches 
are in positions noted in steps e through h of paragraph 
8-12. 

b. Set the following switches in the up position; 
SINGLE PHASE, ORDER^ SIO, and PET. 

4 

c. Connect a clip lead from ground to SECOMF sig- 
nal (pin 20A-6) in the controller. 

d. Press and release the RESET pushbutton. No'-e that 
the PHFS lamp is light' d. 

e. Press and release the FS pushbutton. Note that the 
PHFS lamp goes off and the PHFSZ lamp is iighted. 

f. Press and release the PHASE STEP pushbutton for 
each step of the following sequence- 



Remarks 



m 



d. Press and release the FS pushbutton. Note that 
CB lamp is lighted. 



Step 


Lamps Lighted 


1 


PHFSL 


2 


PHFS, DCB 


3 


PHFSZ 


4 


PHFSL 



SIO accepted. Order 
► out service cycle, 
write order stored 
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Step 


Lamps 


Jghted 


Remarks 


5 


PHRSA 


■> 


. 


6 


PHRS, WRITE 


SIO accepted. Order 
► out service cycle, 








write order stored 


7 


PHTO 


.. 




8 


PHFS, 


DATA 


Start at data out 
service cycle 


9 


PHFSZ 






10 


PHFSL 






11 


PHRSA 


1 


This sequence occurs 16 


12 


PHRS 




* times to fill the FAM 


13 


PHTO 






14 


PHFS 


^ 


This service call is 


15 


PHFSZ 




aborted because the 
k FAM module is filled 


16 


PHFSL 




and no additional ser- 
vice calls are required 


17 


PHFS 


j 


for daio 



g. Disconnect clip lead installed in step c. 

h. Perform additional testing as required, 

8-19 SECTOR COUNTE R TESI 

a. Perform the preliminary operations described in 
paragraph 8-12, unless previously done. Check that 



switches are in positions noted in steps e through h of 

paragraph 8-12. ' —< / 

.^" c> ■■■ .....> * .- . w '■■ '-"-' "t^ /^.. .-< r 

b. Set the following switches in the up position: IND. 
UP, ORDER 4, SIO, PET, REPEAT, and COUNTER RESET 
switches \, t *2, 4, 8, 16, and 32. 

c. Press and release the RESET pushbutton. 



d. Press and release the COUNTER INITIALIZE push- 



button. 



O * &>-*... 



-/ 



e. Press and release the FS pushbutton. Note that the 
WRITE lamp is lighted, and the TRACK lamps increment from 
TRACK lamp 10 lighted (000 0000 0001) to TRACK lamp 5 
lighted (000 0010 0000). . , , , , 

f. Synchronize on, and display, signal AN0R (con- 
troller pin 20A-1). 

g. Observe signals A NOR through AN3R. as illus- 
trated in figure 8-7. 

h. Synchronize on, and display, signal TDT ( con- 
trol ier pin 5C-10). 

i. Observe signals TDT, TDT1, and TDT2, as illus- 
trated in figure 8-8. 

8-20 EXTENDED INTERFACE TEST (TWO-BVTh OPTION) 

— i mnwi . wi iii i ' i ii 11 " i i h i " i nn i in i n i urn iii l imn mi ii n iiii P iTPr p i nn i "1 i i i i i ririnnl i r 1 

a. Perform the preliminary operations described in 
paragraph 8-12, unless previously done. Cneck that 
switches are in positions noted in steps e through h of 
paragraph 8-12. 



lofi i<j(20A-39) 

AN2R 
10 U5" (20A-45) 



AN1R 
Jdfll2- (20A-2) 



GkM^ 



AN3R 






j L_r 



~i 



Xobw 



AN0R 
(20A-1) 



1 



2. 78 TO 2.9* MS 



r 



j 



NOTES: 

1. ALL SIGNALS ARE GENERATED IN THE EP RAD SELECTION 

UNIT, BUT ARE MEASURED AT THE INPUT TO THE EP RAD CONTROLLER 

2. THE ITEMS IN PARENTHESES INDICATE MODULE LOCATION AND PIN NUMBER 



9C1565A. £07 



Figure 8-7. Sector Identification Signals, Timing Diagram 
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TDT 
(5C-10) 

TDT1 
A2-g^ (1B-34) 

TDT2 



TDT 

(5C-10). 



65 TO 140 NS - 



30 TO 
80 NS 



60 TO 100 NS 



90 TO 140 NS 



■j-* 60 TO 100 NS *~j 



r 



A. RELATION BETWEEN SIGNALS 



2.61 uS (ONE BYTE) 



n 



B. PERIOD 
NOTES: 

1. ALL SIGNALS ARE GENERATED IN THE HP RAD CONTROLLER 

2. THE ITEMS IN PARENTHESES INDICATE MODULE LOCATION AND PIN NUMBER 



l_ 



90\S65A. 806 



Figure 8-8. TDL Delay Line Signals, Timing Diagram 



b. Set the foilov/ing switches in the up position: 

SINGLE PHASE, ORDER-!, SIO, and PET. 
H 

c. Connect a clip lead from ground to SECOMP sig- 

il (pin 20A-6) in the controller. 

d. Press and release the RESET pushbutton. Note 
that the PHFS lamp is lighted. 

e. Press and release the FS pushbutton. Note that 
the PHFS lamp goes o f f and the PHFSZ lamp is lighted. 

f. Press and release the PHASE STEP pushbutton for 
each step of the following sequence. 



Remarks 



Step 


Lamps Lighted 


1 


PHFSL 


2 


PHFS, DCB 


3 


PHFS2 


4 


PHFSL 


5 


PHRSA 



SIO accepted. Order 
out service cycle, 
write order stored 



Step 
6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 



Lamps Lighted 



Remarks 



PHRS, WRITE } SIO accepted. Order 
out service cycle, 
write order storea 



PHTO 

PHFS, DATA 

PHFSZ 
PHFSL 

PHRSA 

PHRS 

PHTO 

PHFS 

PHFSZ 

PHFSL 

PHFS 



Start data out service 
cycle 



This sequence occurs 
K eight times to fill the 
FAM module 



^ This service call is 
aborted because the 
FAM module is filled 
and no additional ser- 
vice calls are required 
for "data 
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Paragraphs 8-21 to 8-23 



g. Remove clip lead installed during step c. 
h. Perform additional testing as required. 
8-21 EXTENDED INTERFACE TEST (FOUR-BYTE OPTION) 

a. Perform the preliminary operations described in 
paragraph 8—1 2, unless previously done. Check that 
switches are in the positions noted in steps e through h of 
paragraph 8-12. 

b. Set the following switches in the up position: 
SINGLE PHASE, ORDER-*-/ SIO, and PET. 

H 

c. Connect a clip lead from ground to SECOMP sig- 
nal (pin 20A-6) in the controller. 

d. Press and release the RESET pushbutton. Note 
that the PHFS lamp is lighted. 

e. Press and release the FS pushbutton. Note that 
the PHFS lamp goes off and that the PHFSZ lamp is lighted. 

Note 

For a four-byte interface option, a new 
service call is requested for each group 
of four bytes transferred. Therefore, only 
one sequence of PHRSA, PHRS occurs dur- 
ing the data out service cycle. 

f. Press and release the PHASE STEP pushbutton for 
each step of the following sequence: 



g. Remove clip lead installed during step c. 
h. Perform additional testing as required. 
8-22 REPEAT MODE WRITE ORDER 



Step 


Lamps Lighted 


Remarks 


1 


PHFSL 




2 


PHFS, DCB ] 




3 


PHFSZ 




4 


PHFSL 


SIO accepted. Order 




PHRSA 


> out service cycle, 


5 


write order stored 


6 


PHRS, WRITE 




7 


PHTO 




8 


PHFS, DATA 


Start data out service 
cycle 


9 


PHFSZ 




10 


PHFSL 




11 


PHRSA 




12 


PHRS '• 




13 


PHTO 




14 


PHFS 





a. Perfons the preliminary operations described in 
paragraph 8-12, unless previously done. Check that 
switches are in. positions noted in steps e through h of para- 
graph 8-12. , , 

b. Set the fallowing switches in the up position: IND. 
UP, ORDERS, SIO, PET, REPEAT, and COUNTER RESET 
switches 1, 2, 4, 8, 16, and 32. 

c. Press and release the RESET pushbutton. 

d. Press a?*d> release the COUNTER INITIALIZE push- 
button. ;>, Ut<-'\: 

e. Press ai%6 release the FS pushbutton. Note that 
the WRITE lamp h lighted and the TRACK lamps increment 
from TRACK lan$ 10 lighted (000 0000 0001) to TRACK 
lamp 5 lighted (€500 0010 0000). 

f. Set the IE PEAT switch down, then up. Note that 
THACK lamp 5 through 10 are lighted (000 001 1 111 1). 

g. Set the If PEAT switch to the up position. 

h. Set the SINGLE TRACK switch to the up position. 

i. Press andr release the FS pushbutton. Note that 
the WRITE lamp h lighted and that the track register does 
net count. 

j. Set the SINGLE TRACK switch to the down posi- 
tion. Note that fhe track register increments cis «n step e. 

k. Set the SINGLE TRACK switch to the up position. 

I. Set the liPEAT switch to the down position. Note 
that the track register does not count. 

m. Press a«4 release the FS pushbutton. Note that 
the track displayed is written once, and the operation halts. 

n. Perform additional testing as required. 

8-23 Y-SELECTUST 



a. Perform the preliminary operations described in 
paragraph 8-12, ttnless previously done. Check that 
switches are in positions noted in steps e through h of para- 
graph 8-12. 

b. Set the following switches in the up .position: IND. 
UP, ORDER +, SPO, PET, REPEAT, and COUNTER RESET 
switches 1, 2, A, S, 16, and 32. 

c. Press oik! release the RESET pushbutton. 
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d. Press and release the COUNTER INITIALIZE push- 
button. 

e. Press and release the FS pushbutton. Note that 
the WRITE lamp is lighted, and the TRACK lamps increment 
from TRACK lamp 10 lighted (000 0000 0001) to TRACK 
lamp 5 lighted (000 0010 0000), then repeat. 



g. Check the outputs of the Y-se!ect drivers at the 
locations indicated in table 8-4. Outputs should be low 
(0 to IV) when selected and high (+45V ±10%) when not 
selected, as indicated in figure 8-9. Check that the Y- 
select outputs are low in proper sequence and that only one 
output is tow at any time. 

8-24 TCL DELAY LINE TEST 



! ' f. At the se 
negative on signa 


lection unit, synchroniz* 
Y00 (pin 25B-36). 


2 oscilloscope 


. a. Perform the preliminary operations described 
paragraph 8-12, unless previously done. Check that 


in 




. '"') 


Table 


8-4. Locations of Y-Sc 


lect Output Signals 


■' 


j'' 




PIN NO. 




MODULE L 


DCATION 


25B 


24B 


\ 23B 


22B 


10B 


9B 


8B 


7B 


i^^. 36 

• 

^ 5 


Y00 


Y08 


Y16 


Y24 


Y32 


Y40 


Y48 


Y56 




Y01 


YD? 


Y17 


Y25 


Y33 


Y41 


Y49 


Y57 




38 


Y02 


Y10 


Y18 


Y26 


Y34 


Y42 


Y50 


Y58 




l 6 


Y03 


Yll 


Y19 


Y27 


Y35 


Y43 


Y51 


Y59 




35 


Y04 


Y12 


Y20 


Y28 


Y36 


Y44 


Y52 


Y60 




4 


Y05 


Y13 


Y21 


Y29 


Y37 


Y45 


Y53 


Y61 




37 


Y06 


Y14 


Y22 


Y30 


Y38 


Y46 


Y54 


Y62 




7 


Y07 


Yio 


Y23 


Y31 




Y39 


Y47 


Y55 


Y63 





s 



Y00 

Y01 
Y02 
Y62 



+45V 
0V 

+45V 
0V 

+45V 
0V 

+45V 
0V 



~L 



Y63 +45V 
0V 



» »j 



-ih 



\**— 33. 8 MS (TYPICAL) 
j h 



■ih 



ih \ 



■ih 



901 565 A. 803 



Figure 8-9. Head Select Signals, Timing Diagram 
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Paragraphs 8-25 to 8-26 



switches are In the positions noted in steps e through h of 
paragraph 8-12. 

b. Set the following switches in the up position: 
ORDER 1, ORDER 2, SIO, and REPEAT. 

c. Press and release the RESET pushbutton. 

Note 

During step d, the controller cycles con- 
tinuously through the phases indicated in 
paragraph 8-15. All lamps listed will be 
lighted briefly and will appear to be dimly 
lit. 



d. Press and release the FS pushbutton. Note that 
the DCB lamp is lighted. 

e. Synchronize on signal DCL (controller pin 4B-15). 

f. Check that the phase control delay line timing h 
as indicated in figure 8-10. 

g. Perform additional testing as required. 
8-25 TRL DELAY LINE TES1 

a. Perform the preliminary operations described in 
paragraph 8-12, unless previously done. Check that 
switches are in positions noted in steps e through h of para- 
graph 8-12. 

b. Set the following switches in the up position: 
ORDER 1, ORDER 2, SIO, and REPEAT. 

c. Press and release ihe RESET pushbutton. 



Note 

During step d, the controller cycles con- 
tinuously through the phases irdicated in 
paragraph 8-15. All 'amps listed will be 
lighted briefly and will appear to be dimly 
lit. 

d. Press and release the FS pushbutton. Note that 
the DCB lamp is lighted. 

e. Set the REPEAT switch to the down position. Note 
that the PHFS lamp is lighted. 

f. Set the IND. UP switch to the up position. 

g. Select track 12, sector 3, by setting DATA 
switches through 7 to positions 1100 0011 (table 8-3). 

h. Set the ORDER 2 switch to the down position. 



i. Set the following switches to the up position: RE- 
PEAT and COUNTER RESET switches 1, 2, .4, 8, 16, and 
32. 

j. Press and release the RESET pushbutton. 

k. Press and release the COUNTER INITIALIZE push- 
button. 

I. Press and release the FS pushbutton. Note that 
the WRITE lamp is lighted, and that the TRACK lamps in- 
crement from TRACK lamp 10 lighted (000 0000 0001) to 
TRACK lamp 5 lighted (000 0010 0000), then repeat the 
sequence. 



2). 



m. Synchronize on signal SVv'RITE (controller pin 10B- 



n. Check that the TRL delay line is as indicated in 
figure 8-1 1. 

o. Perform additional testing as required. 

8-26 WRITE AMPLIFIER TEST 



c. Perform the preliminary operations described in 
paragraph 8-12, unless previously done. Check that 
switches are in positions noted in steps e through h of para- 
graph 8-12. 

b. Set the following switches to the up position: 
ORDER -V'ORDER-fr/'SIO, and REPEAT. 
L i 2b 

o. Press and release the RESET pushbutton. 

Note 

During step d, the controller cycles con- 
tinuously through the phases listed in 
paragraph 8-15. All lamps listed wiil be 
lighted briefly and will appear to be dimly 
lit. 

d. Press and release the FS pushbutton. Note that 
the DCB lamp is lighted. 

e. Set the REPEAT switch to the down pesition. Note 
that *he PHFS lamp is lighted. 

f. Set the ORDER 2 switch to the down position. 

a. Set the REPEAT switch to the up position. 

h= Set DATA switches 1, 3, 5, and 7 to the center 
position. 

i. Press and release the RESET pushbutton. 

j. Press and release the COUNTER INITIALIZE push- 
button. 



8-17 



TIME IN NS 



3 OSS Jo 



PO? 



CZ6 



o 



12& 



36 



£-8 a 



§-e* 



3 



vaFBiB 



a 

CQ 



osxst 



TOO 



200 



300 



400 



OSt'O-t^r 



CYCLE/C 

(lB-5) 

DCL 
(4B-15) 

TCS000-1 
(l B-27) 

TCS00C-2 
(22C-44) 

TCSOOO-3 
(lB-28) 

NTCS000 
(22C-21) . 

NTCS080 
(lB-29) 

TCSlOO-l 
(21A-31) 

TCS 100-2 
(5A-47) 

N TCS 180 
(21A-36) 

TCS300 
(1B-31) 



a& 



B 



JM 






'ZZZZZZZ 



'&222ZL 



-=Tc^AGa- zfec-w) wm; 



vz 



Z& 



z&. 



X 

C7 



o 
o 



NOTES: 

1. THE ITEMS IN PARENTHESES INDICATE MODULE LOCATION AND PIN NUMBER 

2. ALL SIGNALS ORIGINATE IN THE EP RAD CONTROLLER 

3. SIGNAL TCS100-3 IS IDENTICAL TO SIGNAL TCS100-2, AND CAN BE TESTED AT (2C-47) 

4. SHADED AREAS RE F RESENT RANGE CF PJ.Sr : HVE OR FALL TIK.E 



Q 



Q 



3 
CQ 

S 

3 

3 



CYCLER — 
^£oe(lB-4). 

SWRITE f 
^^^(10B-2) J 

NTRSOOO — 



TRS030 
OSBU (22C-47) 



100 



TIME IN NS 
200 



300 



400 



OSBoS 



(21A-6) 



NTRS030 • 
^£JS (22C-50) 

TRS060 
tfS&tf (22C-4) 

0t>LJ0 QZ-33) 



r#4 



TRS130 
0568% (1B-41) 



TRS180 
0£i§0f OB-33) 



TRS270 
0SB>oS~{22Q-7) - 



TRS300 
^S"^/?(1B-44) 



<vzl- 



E£2 



i^d, 



^ 






h-0 



©H I — I k© 



©H K- 






x 

a 



o 

o 
en 



c&j 



^ 



"^ 



NOTES: 

1. THE ITEMS IN PARENTHESES INDICATE MODULE LOCATION AND PIN NUMBER 

2. SHADED AREAS REPRESENT THE RANGZ OF RISE TIME OR TALL TIME 

3. ALL SIGNALS ORGINATE IN THE EP RAD CONTROLLER 

4. NTRS030 FALL TIME RANGE CORRESPONDS TO TRS030 RISE TIME RANGE PLUS DELAY 

5. NTRS030 RISE TIME RAkGE CORRESPONDS TO NTRS090 FALL TIME RANGE PLUS DELAY 
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k. Press and release the FS pushbutton. 

I. Synchronize delayed on signal PSPB (controller 
pin 7A-34). 

m. Synchronize internally on signal WRTAMP1 (selec- 
tion unit pin 21B-26) and signal NWRTAMP1 (selection unit 
pin 21B-39) and display the signals. Check that these sig- 
nals are complements of one another and that WRTAMP1 is 
'as indicated in figure 8-12. 

n. Set the REPEAT switch to the down position. 

o. Set the ORDER 2 switch to the up position. 

p. Set DATA switches through 7 to the center posi- 
•tion. 

q. Repeat steps c through f. 

r. Set DATA switches 0, 2, 4, and 6 to the down 
position. 

s. Repeat steps 5 through I. 

t. Synchronize internally oh signal WRTAMP2 (selec- 
tion unit pin 11B-26) and signal NWRTAMP2 (selection unit 
pin 1 1B-39) and display the signals Check that these sig- 
nals are complements of one another and that WRTAMP2 is 
as indicated in figure 8-12. 

u. Display signal BIT7RWE (controller pin 13A-14) 
with signal DATR (selection unit pin 3A-6). 



Note 

Check that DATA switch 7 changes the data 
at bit time 0, DATA switch 6 changes the 
data at bit time 1, and so forth until DATA 
switch changes the data at bit time 7. 

v. Change each DATA switch in turn, and check that 
each switch controls one bit of information per byte, as 
shown in figure 8-13. 

w. Perform additional testing as required. 

8-27 CHECKWRITE TEST 

a. Perform the preliminary operations described in 
paragraph 8-12, unless previously done. Check that 
switches are in positions noted in steps e through h of para- 
graph 8-12. 

b. Set the following switches in the up position: 
ORDER 1,' ORDER 2, SIO, and REPEAT. 

c. Press and release the RESET pushbutton. 

Note 

During step d, the controller cycles con- 
tinuously through the phases listed in 
Paragraph 8-15. All lamps listed will be 
Sighted briefly and will appear to be dimly 



162 TO 168 NS 




-327 TO 333 NS 



PREAMBLE 



SYNCHRONIZATION 
PATTERN 



DATA 



NOTE: 

PEAK-TO-PEAK VOLTAGE IS 20 TO 30V 



901565A.802 



Figure 8-12. Write Amplifier Output Signals, Timing Diagram 
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Paragraph 8-28 



BIT7RWE 
(13A-14) - 


— 1 | — | | — . 




DATR 
(3A-6) 

NOTES: 


DATA 1 — * *p- DATA 7 

n n 


_J1_TL 






1. BIT7RWE IS GENERATED IN THE EP RAD CONTROLLER 




2. DATR IS GENERATED IN THE EP RAD SELECTION UNIT 




3. THE ITEMS IN PARENTHESES INDICATE THE MODULE LOCATION AND PIN NUMBER 


901565A.810 



Figure 8-13. Data Path Timing Signals, Timing Diagram 



d. Press and release the FS pushbutton. Note that 
the DCB lamp is lighted. 

e. Set the REPEAT switch to the down position. Note 
that the PHFS lamp is lighted. 

f. Set DATA switches 0, 1,4, and 5 to the center 
position. 

g. Set the following switches to the up position: 
IND, UP, REPEAT, and COUNTER RESET rwitches 1, 2, 4, 
8, 16, 32, 64, 128.. and 256. 

h. Set the ORDERS switch to the down position. 

i. Press and release the RESET pushbutton. 

j. Press and release the COUNTER INITIALIZE push- 
button. 

k. Press and release the FS pushbutton. Note that 
the WRITE lamp is lighted and that TRACK lamps increment 
from all off lamps to all lighted lamps, and repeat. 

I. Set the REPEAT swirch to the down position. Note 
that the PHFS lamp is lighted. *" £N,2>. T£?t»iAf 

% 
m. Set the ORDER 2 switch to the up position. 

n. Set the REPEAT switch to the up position. 

o. Repeat steps c through e. 

p. Set the ORDER 2 switch to the down position. 

m : 

q. Set the ORDER.4 switch to the up position. 

r. Set the REPEAT swifch to the up position. 

s. Repeat steps i through k. The CHECKWRITE lamp 
is lighted, the TRACK lamps increment, and no error lamps 
are lighted. -f^//T> • £/> *P 



r. After the entire disc has been checked (approxi- 
mately 16 seconds) set the REPEAT switch to t! e down posi- 
tion. Note that the PHFS lamp is lighted. 

u. Set DATA switch 4 to the down position. 

v. Set the REPEAT switch to the up pos ; tion. 

w. Repeat steps i through k. Lamps CER and UNE ere 
lighted, indicating a checkwrite error and an unusual end. 

x. Perform additional testing as required. 



8-28 ALTERNATE ORDERJJ^ODE^PEATFDOPERATION, 

a. Perform the preliminary operations uescribed in 
paragraph 8-12, unless previously done. Check that 
switches are in positions noted in steps e through h of para- 
graph 8-12. 

b. Set the following switches to the up position: IND. 
UP, ALTERN. ORDERS, ORDER 4, ORDER 1, SIO and RE- 
PEAT. 

c. Set the ERROR STOP swirch in the up position, un- 
less reset at error detection is desired. 

d. Set the DATA switches to the eight-bit pattern 
selected for writing. 

e. Set the COUNTER RESET switches to the number of 
the highest track into which data is to be written. 

f. Press and lelease the RESET pushbutton. 

g. Press and release the COUNTER INITIALIZE push- 
button. 

Note 

Following step h, a write order will be exe- 
cuted (WRITE lamp lighted) and the partem 



8-21 



M 



ragraphs 8-29 to 8-34 



XDS 901565 



established in step d will be written in track 
0. After the write order is executed, a 
checkwrite order will be executed (CHECK- 
WRITE lamp lighted). If the ERROR STOP 
switch is up, detection of errors will cause 
reset of the track register and automatic re- 
writing of data on the disc. If the ERROR 
STOP switch is down, the track register will 
be reset at the track address established in 
step d, and the operation will repeat from 
track 0. 

h. Press and release the FS pushbutton. 
i. Perform additional testing as required. 
8-29 ALTERNATE ORDERS MODE, SINGLE TRACK OPER- 

a. Perform the preliminary operations described in 
paragraph 8-12, unless previously done. Check that 
switches are in positions noted in steps e through h of para- 
graph 8-12. 

b. Set the COUNTER RESET switches to the track 
number to be tested. 

c. Set the following switches in the up position: 
ORDER 1, SIO, REPEAT, and IND. UP. 

d. Press and release the COUNTER INITIALIZE push- 
button. 

e. Press and release the RESET pushbutton. 

f. Press and release the FS pushbutton. Note that 
the operation halts with ihe track number selected in step 
b displayed on the TRACK lamps. 

g. Set the DATA switches to any eight-bit pattern. 

h. Set all COUNTER RESET switches to the down 
position. 

i. Set the following switches in the up position: 
ORDER 4, ERROR STOP, ALTERN. ORDERS, and SINGLE 
TRACK. 

Note 
Do not press RESET pushbuiton. 

j. Press the FS pushbutton. Note that the WRITE 
lamp and the CHECKWRITE lamp are lighted and that the 
TRACK lamps do not increment. 

k. Perform additional testing as required. 

'8-30 CPU MODE TESTS 

The following machine language programs can be used to 
She EP RAD file. 
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SIGMA 5 OR SIGMA 7 MACHINE LANGUAGE TEST 
PROGRAM 



Table 8-5 defines a simple machine language program that 
can be used for basic troubleshooting of the EP RAD con- 
troller. When run, the program causes a continual start of 
an input/output operation (SIO), followed by a hait of the 
input/output operation (HIO) after a controlled delay. Sig- 
nals of the EP RAD controller may be read continually as 
the program repeats. 

8-32 SIGMA 2 MACHINE LANGUAGE TEST PROGRAM 

Tcble 8-6 defines a simple machine language program that 
can be used for basic troubleshooting of the EP RAD file. 
When run, the program seeks sector 0, track 0, writes 360 
bytes, then seeks sector 0, track again and checkwrites 
360 bytes. The starting address is 0100 (hexadecimal). The 
instructions used are described in table 8-7. For more de- 
tailed information, refer to XDS publication No. 900964. 
The program of table 8-6 will be run once. To cause con- 
tinual recycling, change the contents of the last aadress as 
indicated. 

8-33 REPAIRS, REPLACEMENTS, AND ADJUSTMENTS . 

?-&Ff Tonometer GuiPuT iuTft&= rest yngavm* (Tbwve g~22H 

8-34 REPLACEMENT OF THE DRIVE MOTOR STATOR 
Replace the ^rive motor stator as follows: 



Study the entire procedure before attempt- 
ing replacement. Do not loosen any bolts 
or screws on the RAD bulkhead because 
th.s will cause severe damage to the disc 
file. 



a. Af the motor control assembly, set the POWER 
switch to OFF. 

b. After the disc has come to a complete halt, set 
the circuit breaker under the EMERGENCY USE ONLY 
cover to OFF. 

c. Pull the bulkhead assembly forward and drop the 
front legs down to support the extended bulkhead assembly 
(figure 7- i). 

d. Loosen and remove the four Alien screws that se- 
cure the bmke and tachometer assembly to the end of the 
motor housing (see section IX). Remove the brake and ta- 
chometer as:embly from the motor housing, leaving the 
stator wires attached. 

e. Loosen and remove the four Allen screws that se- 
cure the stator to the motor housing and the motor housing 
to the spindle housing. Remove the motor housing and sta- 
tor from the spindle housing with the broke and spindle 
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INSTRUCTIONS (Cont.) 

8-32A TACHOMETER OUTPUT VOLTAGE TEST PROCEDURE 

The tachometer generates an output of seven volts per 1000 rpm. The normal output at RAD 
operating speed is approximately 12 vdc and should not drop below 10 vdc. Voltages lower 
than 10 vdc can cause problems during start-up. Noise spikes greater than 10 vdc can cause 
data errors. 

The tachometer output voltage should be checked on a monthly basis as follows: 

a. Connect the oscilloscope around probe to the white wire on the tachometer and 
the signal probe to the blue wire on the tachometer. 

b. At RAD operating speed any tachometer with an output of less than 10 vdc or with 
noise spikes greater than 10 vdc should be replaced. There will be some ripple, 
which is normal. If there is no output, inspect the tachometer shaft coupling for 
possible failure. 



D 



CAUTION 



— * 

J 



During the replacement of a tachometer, use care when re- 
moving the three No. 2 screws (XDS part No. 123054-104) 
ihat attach the adapter plate to the tachometer. These screw 
heads can be easily damaged due to the torque required to 
overcome the Loctite applied to their threads. The application 
of Loctite has now been discontinued, therefore it should not be 
used when installing the adapter plite on a new tachoVneter. 
(See figure 9-5 for assembly drawing). 
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Table 8-5. EP RAD File Program for Continuous Test (Sigma 5 or Sigma 7) 



Memory Location* 



Contents* 



Remarks 



0008 



0009 



000A 



000B 



2200 0100 



2220 XXXX 



4C00 0YYY 



6420 000B 



000C 



000D 



0200 



4F00 OYYY 



6800 0009 



OOXM MMMM 



0201 



FFXX BBBB 



Load immediate (LI). The value 0000 0100, which 
is the address of the first half of rhe command double- 
word, is stored in general register 0. (For doubleword 
addressing, 0200 is addressed as 0100) 

Load immediate (LI). The value 0000 XXXX, which 
controls the number of counts in the delay introduced 
by the BDR instruction, is stored in general register 
2. (A typical value for XXXX is 0200) 

Start input/output operation (SIO). The value YYY 
must address the EP RAD controller 

Branch on decrementing register (BDR). The value in 
general register 2 is reduced by one. If the value >s 
then positive, the BDR instruction is repeated (loca- 
tion 000B). When the value is zero, the instruction 
in location 000C is executed 

Halt input/output operation (HIG). The operation 
started by ihe instruction in location 000A is halted 

Branch on conditions reset (BCR). The logical product 
of the R— field of this instruction (0) end the condition 
code, which is always zero, causes the instruction : n 
memory location 0009 tc be executed 

First half of command doubleword. Character X has 
no significance. Characters M MMMM represent the 
memory byte address at which the SIO instruction wil! 
start processing information. Characters OO represe.it 
one of six EP RAD file order codes, as follows: 



Code 



Order 



X*0V 


Write 


X02» 


Read record 


X'12* 


Read sector 


X'03' 


Sense 


X«04' 


Seek 


X'05' 


Checkwrite 



Second half of command doubleword. Characters XX 
have no significance. Characiers BBBB represent the 
byte count (number of bytes to be written, read, or 
checked by write order, read order, or checkwrite order). 
Characters TF represent flag codes, but may be set to 00 
for this test. (Refer to XDS publication No. 900950 and 
900959 for flag codes in normal operation) 



* Memory location and contents are in hexadecimal notation 
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Table 8-6. Sigma 2 Machine Language Test Program for EP RAD File 



Memory Location* 


Contents* 


Mnemonic 


Remarks 


0000 


400A 


B 


Branch to first instruction 


0001 


0003 


WD 


Order byte for seek 


' 0002 


0001 


WD 


Order byte for write 


0003 


0005 


WD 


Order byte for checkwrite 


0004 


0169 


WD 


Byte count for write and checkwrite 


0005 


0003 


WD 


Byte count for seek 


0006 


OOFD 


WD 


Starting address for seek 


0007 


OOFF 


WD 


Starting address for write and checkwrite 


0008 


0000 


WD 


Track to sector 


0009 


0090 


WD 


RAD device number (90) 


000A 


8006 


LDA 


Load seek starting address 


000B 


000A 


WD 


Load starting address in I/O register A 


oooc 


8005 


LDA 


Load seek byte count 


000D 


000B 


WD 


Store byte count in l/O register B 


000E 


8001 


LDA 


Load order byte for seek 


000F 


EOFD 


STA 


Store order byte in table I/O for starting address 


0010 


8009 


LDA 


Load RAD device number 


0011 


1041 


RD 


Start seek operation (SIO) 


0012 


1042 


RD 


Test for comparison (TIO) 


0013 


6202 


BNC 


Branch if complete (address +2) 


0014 


49FE 


B 


Branch back if not complete (address -2) 


0015 


8007 


LDA 


Load write starting address 


0016 


000A 


WD 


Load starting address in l/O register A 


0017 


8004 


LDA 


Load byte count 


0018 


000B 


WD 


Store byte count in iAD register B 


0019 


8002 


LDA 


Load write order byte 


001A 


EOFF 


STA 


Store order byte in l/O table starting address 


^■^ * Memory location 


s and contents are 


in hexadecimal not 


otion 



(Continued) 
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Table 8-6. Sigma 2 Machine Language Test Program for EP RAD File (Cont. ) 


Memory Location* 


Contents* 


Mnemonic 


Remarks 


001 B 


8009 


LDA 


Load RAD device number 


001 C 


1041 


RD 


Start write (SIO) 


001 D 


1042 


RD 


Test for comparison (TIO) 


001 E 


6202 


BNC 


Branch if complete (address +2) 


001 F 


49FE 


B 


Branch back if not complete (address -2) 


0020 


8007 


LDA 


Load starting address for checkwrite 


0021 


000A 


WD 


Store starting address in I/O register A 


0022 


8004 


LDA 


Load byte count 


0023 


000B 


WD 


Store byte count in I/O register 


0024 


8003 


LDA 


Load order byte for checkwrite 


0025 


E0FF 


STA 


Store order byte in table I/O starting address 


0026 


8009 


LDA 


Load RAD device number 


0027 


1041 


RD 


Start checkwrite (SIO) 


0028 


1042 


RD 


Tes f for comparison (TIO) 


0029 


6202 


BNC 


Branch 'f checkwrite complete (address +2) 


002A 


49FE 


B 


Brc-.c!) back if checkwrite not complete (address -2) 


002B f 


OOD0 


WD 


End of program 


* Memory locations and contents are in hexadecimal notation 


To cause the program to recycle continually, change the contents of memory location 002B to 400A. 
This commands a branch to the first instruction as in memory Iccition 0000 



Table 8-7. Instructions Used in Sigma 2 Test Program 



Mnemonic 


Operation 


B 

BNC 
LDA 
RD 


BRANCH. The effective address is loaded into the program 
address regit f er (general register 1). The next instruction is 
accessed from the location pointed to by the effective ad- 
dress of the branch instruction 

BRANCH IF NO CARRY. The branch condition is true only 
if the carry indicator is reset (0) 

LOAD ACCUMULATOR. The effective word is loaded into 
the accumulator (general register 7) 

READ DIRECT. The contents of the effective location are 
interpreted by mode (bits through 3) and function, (bits 4 
through 15) for read direct operations 



(Continued) 
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Table 8-7. Instructions Used in Sigma 2 Test Program (Coot. ) 



Mnemonic 


Operation 


STA 
WD 


STORE ACCUMULATOR. The contents of the accumulator 
(general register 7) are stored into the effective location 

WRITE DIRECT. The contents of the effective location are 
interpreted by mode (bits through 3) and function (bits 4 
through 15) for write direct operations 



attached. This removal may require some effort as the end 
of the motor housing is tightly fitted into a lip in the spin- 
dle housing. 

f. Position the stator and motor housing on the spin- 
dle housing so that the four mounting holes in the stator 
are aligned with the four tapped holes in the spindle hous- 
* ig. Install and tighten the four Allen screws that were 

jmoved in step e. 

g. Loosen and remove the three Allen screws ihat 
secure the tachometer to the brake and tachometer assem- 
bly. Remove the tachometer from the assembly. 

'» 

h. Mount the brake and tachometer assembly on the 
end of the motor housing. Install and tighten the four 
Allen screws that were removed in step d. 

Note 

Make sure that the fork on the tachometer 
is properly inserted. 



Note 

Wait until the disc has stopped before 
proceeding. 

b. Set the circuit breaker (under the EMERGENCY 
USE ONLY cover) to OFF. 

c. Disconnect the EP RAD file from the 208V three- 
phase source. 



Use the feet at the base of the disc file to 
support the fife when it is in the extended 
position (figure 7-1). Place plates on the 
floor to protect the floor from the feet, if 
necessary. 

d. Pull the disc file forward, and set the adjustable 
feet on the floor. 



i. Mount the tachometer on the brake and tachometer 
assembly by first inserting the tachDmeter shaft into the 
shaft coupler and then aligning the three holes in the ta- 
chometer base with the three tapped holes in the brake and 
j-hometer assembly. Install and tighten the three Allen 
Prews that were removed in step g. 

j. Push the buikhead assembly back into the RAD 
storage unit and raise the front legs. 

Note 

If the RAD storage unit aborts following the 
turn-on procedure of steps k and I, check 
the coupling between ti.a tachometer and 
the coupling shaft. 

k. At the motor control assembly, set the circuit 
breaker under the EMERGENCY USE ONLY cover to ON. 

I. Set the POWER switch to ON. 



I 8-35 ADJUSTMENT OF THE DISC FILE BRAKE 



a. At the motor control assembly, set switch SI to 



e. Remove relay K7 to prevent the application of 
power io the disc file motor. 

f. Connect a jumper from the +4V connection on the 
selection unit (E2, E4, or E6) to terminal board TB1-E4. 



WAIWiNG 




IFF. 



DO NOT REACH INTO THE \AOTOR 
CONTROL ASSEMBLY AFTER POWER 
HAS BEEN CONNECTED. 

g. Connect the EP RAD file to the 208V three-phase 
power source, 

h. At the motor control assembly, set the circuit 
breaker to ON. 

i. Set switch SI to ON. Note that the disc file 
brake retracts. 

j. Measure the gap between the armature and fric- 
tion brake at all four cutouts In the brake collar. The gap 
should be 0.010 in. to 0.015 in. Adjust the gap as de- 
scribed in step! k and 1. 
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Paragraphs 8-36 to 8-37 



k. Loosen each of four slot-head screws two turns. 



Note 

The gap changes by 0.015 in. for each 
1/4 turn of the brake collar. 



I. To increase the gap, rotate the brake collar clock- 
wise; to decrease the gap, rotate the brake collar counter- 
clockwise. 

m. At the motor control assembly, set switch SI to 
OFF. 

n. Set the circuit breaker to OFF. 

o. Disconnect the EP RAD file from the 208V three- 
phase source. 

p. Replcce relay K7 (removed in step e). 

q. Remove the jumper connected in step f. 

r. Connect the EP RAD file to the 208V three-phase 
source. 

s. At the motor control assembly, set the circuit 
breaker to ON. 

t. Set switch SI to ON. 

8-36 REPLACEMENT OF THF DISC FILE BRAKE LININGS 

a. Remove the power trom the EP RAD file and pre- 
pare for replacement by performing steps a through i of 
paragraph 8-35. 



e. Measure and adjust the gap as described in steps 
k and I of paragraph 8-35. 



jCAimoN I 



CAUTION J 



Never remove power from the brake unless 
the four brake housing screws are secure. 

f. Replace the brake assembly and tighten the four 
slot-head screws. 



Note 

Replace the tachometer coupling with XDS 
part number 149272, even if the part re- 
placed has a different number. 

g. Engage the slotted tachometer drive and coupling 
with the pin on the end of the motor shaft (see section IX). 

h. Replace the tachometer and tighten the three Allen- 
head screws. 



i. At the motor control assembly, set switch SI to 



OFF. 



Do not attempt to remove the brake 
assembly with the power off. 



Note 

Wait until the disc has stopped before 
proceeding. 

j. Perform steps n through t of paragraph 8-35. 



8-37 R AD FILTER REPLACEMENT 

These instructions are applicable to motor control unit, 
part number 146485 and to motor control unit, ^art number 
152692. 



b. Remove three Allen-head screws at the back of 
the brake assembly and removs the tachometer. 

c. Remove four slot-head screws and remove the 
brake assembly. 

Note 

Replace the brake linings with XDS part 
number 147222-002 even if the part re- 
placed has a different number. If neces- 
sary, adjust the brake collar to allow for 
increased thickness of the new lining. 

d. Replace brake linings. 



The motor control unit, part number 146485 is equipped 
with three separate filters, two charcoal and one absolute, 
that must be replaced periodically. See table 3-7A. 

The motor control unit, part number 152692, is equipped 
with two separate filters, one charcoal and one abso- 
lute, which must be replaced once a year. See table 
8-76. 



In some cases the absolute filter, part number 158947, has 
an additional part number on the identifying label. It is 
assumed to be a vendor part number. 

Always order the XDS part number. 



Revised June 19/0 
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Table 8-7A. Replacement Filter Part Numbers for Motor Control Unit, Part Number 146485 



Item 
Number 


Service 
Frequency 


Number 
Required 


Part 


Part 
Number 


Comments 


1 

2 
3 


90 Days 

90 Days 
1 Year 


2 

2 
1 


Charcoal 
Filter 

Gasket 

Absolute 
Filter 


132514 

132744 
158947 


One gasket, item 2 should be installed 
with each filter every time it is replaced 

See Comment, Item 1 

This item, which is to be used in place of 
assembly part number 129666, is a com- 
plete assembly 



Table 8-7B. Replacement Filter Part Numbers for Motor Control Unit, Part Number 152692 



Item 
Number 


Service 
Frequency 


Number 
Required 


Part 


Part 
Number 


Comments 


1 


1 Year 


1 


Charcoal 
Filter 


145527 


This is a complete item 


2 


1 Year 


1 


Absolute 
Filter 


158947 


This is a complete item 

The number, 1024514, which may appear 
on the label, is assumed to be a vendor 
part number 



8-38 RAD INTERFACE CONNECTOR CLEANING 
PROCEDURE 

The RAD interface connectors, which are mounted on top 
.of the disc file, are to be cleaned as follows: 



CAUTION 



Use only isopropyl alcohol (filtered) 
and a typewriter cleaning brush for 
this procedure. Any other materials 
may contaminate the connectors. 

a. At the motor control assembly, set the POWER 
switch to OFF. 

b. Check that the disc is not rotating and that the 
compressor is running. 

Note 

Do not dip the brush in the alcohol, as 
this action will contaminate the alcohol. 

c. Pour sufficient alcohol over the brush to remove 
flux and other soluble contaminants from the brush, 

d. Pour additional alcohol over the brush and shake 
out the excess by striking the brush handle against a sharp 

ifner. 



e. Brush both parts of the connector parallel to fhe 
long dimens : ^n of the connector. 

f. Ps^eat steps c through e, so that -he connector is 
cleaned w?!-h at least two applications of alcohol. 

g. Rebate the connectors as soon as possible ofter 
cleaning. 

h. A» the motor control assembly, place the POWER 
switch to ON. Check that the disc rotates. 

8-39 SELECTION OF A SPARE WRITE CLOCK 
When necessary, select a spare write clock as follows: 

a. Check the maintenance log to determine if spare 
write clock sources are available. 



b. At the motor control assembly, set the POWER 
switch to OFF. 



c. Check that the disc is not rotating and that the 
compressor is running. 

Note 

Write clock signals are available from 
four heads, as indicated in figure 8-14. 
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DISC FILE 



ir yr 



t 



v y 



/ \ 



I 



\' 



I 



s \ 



\. ' 



I 



~1 



J16A 



14 
5 

12 
6 



P16A 



14 
5 

12 
6 



J16B 



14 
5 

12 
6 






I SELECTION 

I UNIT 

P35 J35 



19 

19 
9 



NOTES: 

1. J16A-14 IS ACTIVE WRITE CLOCK TRACK 

2. J16A-5, J16B-14, AND J16B-5 ARE SPARE WRITE CLOCK TRACKS 

3. WIRE FROM P16A-5 TO P35-19 MAY BE DISCONNECTED 



90 1565 A. 815 



Figure 8-14. Write Clock Tracks, Schematic Diagram 



8-29 



Paragraphs 8-40 to 8-41 



XDS 901565 



d. If possible, select a spare write clock by dis- 
connecting P16A from J16A and inserting it in J16B 
(or by disconnecting P16A from J16B and inserting it 
in J16A). 

e. If necessary, rewire connector P16A to select the 
write clock signal from pin 5 instead of pin 14 (or pin 14 
instead of pin 5). 

f. If rewiring is necessary, insert P16A in J16A or 
J16B. 

g. At the motor control assembly, place the POWER 
switch to ON. Check that the disc roiates. 

8-40 LOGICAL SPARING OF READ/WRITE HEAD 

Replace a failing read/write head circuit with a spare 
|d/write head circuit as follows: 

a. Express the track address of ihe failing read/write 
head circuit in three-digit octal notation. Example: Track 
address 221 (decimal) is track address 335 (octal). 

Note 

An unused gate on any LT105 Spares 
Selector module may be used with the 
restriction that modules mus* be in- 
serted in locaiions 22A, 23 A, 24A, 
and 25A before modules con be in- 
serted in locations 26A, 27A, 28A, or 
29 A. (See figure 7-4.) 



b. Activate an unused gate on an LT105 Spares Se- 
lector module by removing the ground jumper from the gate 
input. (See figure 6-21.) 

Note 

Each gate selects a spare read/write head 
circuit when activated. Therefore, do not 
provide identical inputs to two gates. 

c. Connect jumpers from the octal ly coded track ad- 
dress signals to the inputs to the activated gate, as sum- 
marized in table 8-8. Example: To spare read/write head 
circuit 335 (octal), connect one gate input to signal X3 at 
pin 33, one gate input to signal YM3 at pin 24, and one 
gate input to signal YL5 at pin 18. 

d. Solder the jumpers at both sides of the circuit board. 

e. Record spared address and spare read/write head 
circuit used on the head wiring connection chart. (See 
figure 8-15.) 

f. Insert the LT105 Spares Selector module in the se- 
lection unit. 

8-41 SELECTION OF SPARE READ/V/RITE HEADS 

If aspcre >-ead/write head is needed, select itas indicated in 
the following example which substitutes a spare for track 221 

Note 

Decimal notation is used throughout this 
paragraph. 



Table 8-8. Summary of Logical Sparing Signals 



1 


X-VALUE 


Y-VALUE 


jB OCTAL 
DIGIT 


Most Significant 
Digit 

(ioo B ) 


Middle Diqii 

00 8 ) - 


Least Significant 
Digit 


Signals 


Pin 


Signals 


Pin 


Signals 


Pin 



1 
2 
3 
4 
5 
6 

m 7 


X0, XOB 
XI, X1B 
X2, X2B 
X3, X3B 
X4, X4B 
X5, X5B 
X6, X6B 
X7, X7B 


29 

30 
31 

< 33 
34 
35 
36 
37 


YMO, YMOB 
YM1, YM1B 
YM2, YM2B 
YM3, YM3B 
YM4, YM4B 
YM5, YM5B 
YM6, YM6B 
YM7, YM7B 


21 
22 
23 

: 24 
25 
26 

27 

• 

28 


YLO, YLOB 
YL1, YL1B 
YL2, YL2B 
YL3, YL3B 
YL4, YL4B 
YL5, YL5B 
YL6, YL6B 
YL7, YL7B 


12 
13 
14 
15 
17 
18 
19 
20 



8-30 



Q 
CL 



n 

o 



n 

Q 











SPARE HEAD-S 


HEAD CENTER TAP WIRING CHART 


DISC FILE ASSY SERIAL NO. 




FAULTY HEAD- 


USED SPARE -X 




NO. 1 


NO. 2 


NO. 3 


NO. 4 


HEAD PLATE 


&4 


1 &5 


2 &6 


3 & 7 


&4 


1 &5 


2 &6 


3 &7 


0&4 


1 &5 


2 &6 


3 & 7 


0&4 


1 &5 


2 &6 


3& 7 


SLOT NO. 


U-I 

=3 

z 

< 

X 


1 


9 


S 


27 


S 


9 


S 


27 


S 


9 


S 


27 


S 


9 


S 


27 


S 


9 


S 


27 


S 


9 


S 


27 


S 


9 


S 


27 


S 


9 


S 


27 


S 


CONNECTOR 
PIN NO. 


2 


1 




19 




1 




19 




1 




ill 




1 




19 




i 
i 




19 




1 




19 




1 




19 




1 




19 




3 


10 




28 




10 




28 




10 




28 




10 




28 




10 




28 




10 




28 




10 




28 




10 




28 




4 


2 




20 




2 




20 




2 




20 




2 




20 




2 




20 




2 




20 




2 




20 




2 




20 




5 


11 




29 




11 




29 




11 




29 




11 




29 




11 




29 




11 




29 




11 




29 




11 




29 




6 


3 




21 




3 




21 




3 




21 




3 




21 




3 




21 




3 




21 




3 




21 




3 




21 




7 


12 




30 




12 




30 




12 




30 




12 




30 




12 




30 




12 




30 




12 




30 




12 




30 




8 


4 




22 




4 




22 




4 




22 




4 




22 




4 




22 




4 




22 




4 




22 




4 




22 




9 


13 




31 




13 




31 




13 




31 




13 

'14 




31 




13 




31 


— - 


13 




31 




13 




31 




13 




31 




10 


14 




32 




( 74 




32 




14 




3? 






32 




14 




32 


14 




32 




14 




32 




14 




32 




n 


5 




23 




5 




23 




5 




23 




5 




23 




5 




23 




5 




23 




5 




23 




5 




23 




12 


15 




_33j 




15 




33 




15 




33 




15 




33 




15 




33 




15 




33 




15 




33 




15 




33 




13 


6 




24 




6 




24 




6 




24 




6 




24 




6 




24 




6 




24 




6 




24 




6 




24 




1 A 

i 4 


16 




34 




16 




34 




16 




34 




16 




34 




16 




34 




16 




34 




16 




34 




16 




34 




15 


7 




25 




7 




25 




7 




25 




7 




25 




7 




25 




7 




25 




7 




25 




7 




25 




16 


17 




35 




17 




35 




17 




35 




17 




35 




17 




35 




17 




35 




17 




35 




17 




35 




17 


8 




26 




8 




26 




8 




26 




8 




26 




8 




26 




8 




26 




8 




26 




8 




26 




18 


18 


S 


36 


S 


18 


S 


36 


S 


18 


S 


36 


S 


18 


S 


36 


S 


18 


S 


36 


S 


18 


S 


36 


S 


18 


S 


36 


S 


18 


S 


36 


S 




J8 -0A 


J8 - 0B 


J8- 1A 


J8- IB 


J8-2A 


J8 - 2B 


J8- 3A 


J8 - 3B 


CONNECTOR 


o 
o- 

> 

CO 
4^ 


NOTE: REFERENCE XDS DWG: 136588- 1A 





X 

o 

o 
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a. Find track 221 on the input/output and start/finish 
location chart (figure 6-13). Since track 221 is in the 
range (208-223), it has an X-value of 3 (NTR2 TR3 TR4) 
and is connected to the LT76 Read/Write Coupler module 
in location 17B through signals 2X03S and 2X03F (pins P8- 
lB-42and P8-1B-43). 



d. A spare read/write head is available at J8-1A-36. 
(A read/write head is available at J8-1A-27, since this 
read/write head is connected to the same read/write 
coupler through P8-1 B-42 and P8-1B-43.) 

Note 



b. Find the X-values of 3 on the head location chart 
(figure 6-10, sheet 1 of 2). The read/write head for track 
221 is on surface 2, slot 5, and is controlled by Y-select 
signal Y29. 

c. Y-select signal Y29 is connected to the read/write 
head assembly at J8-1A-33. 



Record any changes in wiring on the 
site documentation and on the head 
wiring connection chart of the EP RAD 
file (figure 8-15). 

e. Disconnect the centertap wire from J8-1A-33 and 
connect it to the spare. 
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Paragraphs 9-1 to 9-2 



SECTION IX 
ILLUSTRATED PARTS BREAKDOWN 



9-1 GROUP ASSEMBLY PARTS LIST 

The Group Assembly Parts List is a breakdown of all systems, 
assemblies, and subassemblies wh'ch can be disassembled, 
reassembled, or replaced and which are contained in the 
end article. The Group Assembly Parrs List consists of 
columnar listings of parts related to illustrations. Parts 
are listed in. order of disassembly sequence, except in cases 
where sequence of disassembly ccnnot be maintained. . 
Attaching parts are listed below the related assembly or 
subassemblies. Items which are purchased in bulk form 
(for example, wire and insulating materials) are not listed. 

Each parts list table is arranged in seven columns as follows: 

a. The figure number of the part listed and the index 
number corresoonding to the illustration reference 

b. The XDS manufacturer's part number for the part 

c. The vendor's part number for the part (if available) 

d. A brief desctiption of the part 

e. The manufacturer's code for the part 

f. The quantity of the part used per assembly 

g. Usable on code column indicating that when a 
letter is used in the code column, the use of the coded part 



is restricted to the model identified by the code letter. 
(Where no letter symbol appears in this column, the part is 
used on all models of this configuration.) 

How to use the Illustrated Parts Breakdown. 

To obtain information about a part, the following steps 
should be taken: 

a. Refer to the applicable assembly breakdown 

b. Compare the part with the illustration until part is 
located. 

c. Note the index number 

d» Locate the index number in the corresponding Group 
Assembly Parts List 

e. Find the part number and name of part opposite 
the Index number listed 



9-2 NUMERICAL INDEX 



This index is a listing of the items contained in the Group 
Assembly Parts List. The numerical order of the index 
(table 9-11) is determined by the XDS part number. 
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xds mmsa 

ILLUSTRATED PARTS BREAKDOWN CONTENTS 

Sec. - Fig. Page 

9-1 Extended Performance RAD Storage Unit and RAD Controller 9-3 

9-2 RAD Storage Unit Cabinet Assembly 9-5 

9-3 Selection Unit Assembly 9-14 

9-4 Module Location (Selection Unit Assembly) 9-22 

9-5 Spindle and Drive Assembly 9-24 

9-6 Motor Control Unit Assembly . . 9-29 

9-7 Printed Wiring Board (TBI) 9-40 

9-8 Power Distribution Panel Assembly 9-43 

9-9 Extended Performance RAD Controller 9-48 

9-10 Module Location (RAD Control ler> • 9-54 
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Figure 9-1. Extended Performance RAD Storage Unit and RAD Controller 
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Table 9-1. Extended Performance RAD Storage Unit 



Fig. & 
Index No. 



9-1- 



- 1 

- 2 

- 3 



- 5 



XDS 

Part Number 



139576 D 

149763 C 

131419 
131410 
139697 C 

139690 E 

149330 M 



Vendor 
Part Number 



Description 
12 3 4 5 6 7 



Extended Perf RAD Storage Unit (7232) 
(Fig 9-1) 

Storage Unit Cabinet Assy 
(Fig 9-2) 

Cabinet Door Assy (Not shown) 

Cabinet Side Panel Assy 

Disc File Assy (Spindle and Drive) 
(Fig 9-5) 

Selection Unit Assy 
(Fig 9-3) 

Extended Perf RAD Controller (7231) 
(Fig 9-9) 



Mfg. 
Code 



Units Per 
Assy 



Usable on 
Code 
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Figure 9-2. RAD Storage Unit Cabinet Assembly 
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Table 


i 9-2. RAD Storage Unit Cabinet Assembly 








Fig. & 
Index No. 


XDS 

Part Number 


Vendor 
Part Number 


Description 
12 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-2- 


149763 C 




. RAD Storage Unit Cabinet Assy 




REF 




-1 


153320 A 




. . Cabinet Basic Structure 




1 




- 2 


117424 




. . Cap Cabinet Top 




1 




- 3 


139565-002 




. . Clip, Speed U Type 




2 




- 4 


139814-001 




Bracket, Chassis Locking LH 




1 




- 4 


139814-002 




. . Bracket, Chassis Locking RH 
(Attaching Parts) 




1 




" 


101441-105 




Screw, Cap Hex Hd 




2 




- 


101441-104 




Screw, Cap Hex Hd 




6 




■; 


100018-600 




. . Washer, Flat 




16 




- 


100023-600 




Washer, Lock Spring 




8 




- 


100008-600 




. . Nut, Hex 




8 




- 5 


139994-001 




. . Angle, Mtg LF (Retma) 




1 




- 5 


139994-002 




. . Angle, Mtg RF (Retma) 




1 




- 6 


132019 




. . Angle, Mtg Rear (Retma) 
(Attaching Parts) 




2 




- 


1 01441 -1C4 




. . Screw, Cap Hex Hd 




18 




- 


100023-600 




. . Washer, Lock Spring 




18 




- 


107311 




. . Nut, Unistrut 




18 




- 7 


145412-001 




. . Bracket, Latch Adjusting LH 




1 




- 7 


145412-002 




. . Bracket, Latch Adjusting RM 




1 





(Continued) 
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Table 


9-2. RAD Storage Unit Cabinet Assembly (Cont.) 








Fig. & 
Index No. 


XDS 

Part Number 


Vendor 
Part Number 


Description 
12 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-2- 






(Attaching Parts) 








- 


101441-104 




Screw, Cap Hex Hd 




8 




- 


100018-600 




. . Washer # Flat 




8 




- 


100023-600 




. Washer, Lock Spring 




16 




- 


100008-600 




. . Nut, Hex 




8 




- 8 


111097 




Bracket, Locking 
(Attaching Parts) 




2 




- 


100012-610 




Screw, Pan Head 




4 




- 


100018-600 




. Washer, Flat 




8 




- 


100023-600 




. Washer, Lock Spring 




4 




- 


100008-600 




. . Nut, Hex 




H 




- 9 


129459 




. . Slide, 20 inch {V/5 lb) 




4 




-10 


131354 




. Bracket Slide, Mtg Front 




z 




-11 


132088 




Bracket Siide, Mtg Rear 




2 




-12 


139815-001 




. . Bracket Slide, Sel Mtg RH Frt 




1 




-12 


139815-002 




. . Bracket Slide, Set Mtg LH Frt 




s 




-13 


139816-001 




. . Bracket Slide, Sel Mtg RH Rear 




1 




-13 


139816-002 




. . Bracket Slide, Sei Mtg LH Rear 
(Attaching Pasts) 




1 




- 


100039-510 




Screw, Flat Head 




28 




- 


100018-500 




. . Washer, Flat 




28 




- 


100024-500 




. Washer, Lock Int Tooth 




28 






100008-500 




. . Nut, Hex 

_ _ _ * _ 




28 





(Continued) 
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Table 9-2. RAD Storage Unit Cabinet Assembly (Con!.) 



Fig. & 
Index No. 


XDS 

Part Number 


Vendor 
Part Number 


Description 
12 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-2-14 


139858 




. Angle, Support Front 
(Attaching Parts) 




1 




- 


100012-406 




Screw, Pan Head 




4 




- 


100018-400 




. . Washer, Flat 




4 




- 


100024-400 




Washer, Lock Int Tooth 




4 




-15 


145698 




Bumper, Rubber 
(Attaching Parts) 




4 




- 


100018-307 




Screw, Pan Head 




8 




- 


100018-300 




. . Washer, Flat 

* _ _ _ 




8 




-16 


147912-001 




. . Bracket, Frame Mtg RH 




1 




-16 


147912-002 




. . Bracket, Frame Mtg LH 




1 










(Attaching Pcrts) 








- 


100039-609 




. . Screw, Flat Head 




6 




- 


100012-505 




Screw, Pan Head 




6 




- 


100024-500 




. . Washer, Lock 




6 




-17 


139690 




. . Selection Unit Assy (See Fig. 9-3) 




REF 




-18 


132646 




. . Plate, Counter Balance 




1 




-18 


133155 




. . Plate, Counter Balance 




1 










(Attaching Parts) 








- 


101441-407 




Screw, Cap Hex Head 




6 




- 

_ 


100018-600 




. . Washer, Flat 




6 




- 


100023-600 




. . Washer, Lock Spring 




6 




1 
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Table 9-2. RAD Storage Unit Cabinet Assembly (Cont.) 



Fig. & 
Index No. 


XDS 

Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usoble on 
Code 


9-2-19 


145315-001 




. Angle, Spacer Slide RH 




1 




-19 


145315-002 




. Angle, Spacer Slide LH 
(Attaching Parts) 




1 




- 


100039-609 




Screw, Flat Head 




8 




-20 


131356 




Plate, Drum Mounting 
(Attaching Parts) 




1 




- 


100012-520 




Screw, Pan Head 




10 




- 


100018-500 




. Washer, Flat 




10 




- 


100023-500 




Washer, Lock Spring 




10 




-21 


132644 




. . Leg Support Assy 




2 




-22 


1313A2 




Bracket, Leg Support 
(At; aching Part;.) 




2 




- 


100012-500 




Screw, Pan Head 




6 




- 


100018-500 




. Washer, Flat 




12 






100024-500 
100008-500 




. Washer, Lock Int Tooth 
Nut, Hex Machine 

___*_■._ 




6 
6 




-23 


131357 




Bracket, Shipping 
(Attaching Parts) 




1 




- 


101441-104 




Screw, Cap Hex Head 




2 




- 


100018-600 




. . Washer, Flat 




2 






1 00023-600 
100008-600 




Washer, Lock Spring 

. . Nut, Hex 

_ _ _ * _ _ _ 




2 
2 





(Continued) 
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Table 9-2. RAD Storage Unit Cabinet Assembly (Cont.) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-2-24 


147931-006 




Mount, Shock 




4 




-25 


129633-628 




Screw; Cap Soc Hd 
(Attaching Parts) 




4 




- 


100012-305 




Screw, Pan Hd 




8 




- 


100018-300 




. . Washer, Flat 




8 




- 


100024-300 




Washer, Lock Int Tooth 

* _ _ _ 




8 




-26 


139697 




. . Disc File Assy (See Fig. 9-5) 




REF 




-27 


100008-410 




. . Nut, Hex 




8 




-28 


100018-310 




. . Washer, Flat 




8 




-29 


101918 




. . Bolt 




4 




-30 


149960 




. Compressor Assy 




1 




-31 


111945 




Pump, Positive Pressure 




1 




-32 


117026-005 




. Mount, SI. ear 




4 




-33 


132083-001 




Union, Tube Fitting 




1 




-33 


132570-001 




Terminal, Ins Ring Tongue 




1 




- 






(Attaching Parts) 








- 


100008-600 




. . . Nut, Hex 




4 




- 


100018-600 




. . . Washer, Flat 




4 




- 


100024-600 




Washer, Lock Int Tooth 




4 




-34 


146649 




Bracket, Compressor Mounting 
(Attaching Parts) 




1 




- 


100008-600 




. . Nut, Hex 




4 




- 


100018-600 




Washer, Flat 




4 






100023-600 




Washer, Lock Spring 

... 




4 





(Continued) 
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Table 9-2. RAD Storage Unit Cabinet Assembly (Cont.) 



Fig. & 
Index No. 


XDS 

Part Number 


Vendor 
Part Number 


Description 
12 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-2-35 


116701 




Tubing, Pressure 




A/R 




-35 


101625-003 




Tubing, Spirap 




A/R 




-36 


1 00657-003 




. . Clamp, Nylon 




2 




-36 


100657-008 




. Clamp, Nylon 

(Attaching Parts) 




2 




- 


100012-506 




Screw, Pan Hd 




2 




- 


100018-500 




. . Washer, Flat 




2 




- 


100024-500 




. Washer, Lock Int Tooth 




2 




-37 


146485 
100012-506 




. Motor Control Unit Assy 
(See Fig. 9-6) 

(Attaching Parts) 

. Screw, Pan Hd 




1 
8 




- 


100018-500 




. Washer, Flat 




8 




- 


100024-500 




. Washer, Lock Int Tooth 




8 




-38 


137529 




* _ _ _ 

Power Distribution Panel Assy 
(See Fig. 9-8) 

(Attaching Parts) 




1 




- 


100012-506 




Screw, Pan Hd 




6 




-' 


100018-500 




. . Washer, Flat 




6 




- 


100024-500 




. Washer, Lock Int Tooth 




6 




-39 


136674 




. . Power Supply Assy (PT20) 




1 




-40 


146488-001 




. Angle, Chassis Mounting RH 




1 





(Continued) 
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Table 9-2. RAD Storage Unit Cabinet Assembly (Cont.) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
12 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-2-40 


146488-002 




. Angle, Chassis Mounting LH 
(Attaching Parts) 




1 






100012-504 




Screw, Pan Hd 




10 




- 


100012-506 




Screw, Pan Hd 




10 




- 


100018-500 




. . Washer, Flat 




10 




- 


100024-500 




. . Washer, Lock Int Tooth 




10 




-41 


139222 




Power, Filter Assy 
(Attaching Parts) 




1 




> 


100012-508 




Screw, Pan Hd 




3 




- 


100018-500 




. . Washer, Flat 




3 




- 


100024-500 




. Washer, Lock Int Tooth 




3 




-42 


139223 




Plate, Mounting 




1 




-43 


139224-002 




. Cover, Filter 

(Attaching Parts) 




1 




- 


100012-404 




Screw, Pan Hd 




4 




- 


100018-400 




. . . Washer, Flat 




4 




- 


100024-400 




. . . Washer, Lock Int Tooth 




4 




-44 


100840-001 




Grommet, Nylon 




A/R 




-45 


100840-003 




Grommet, Nylon 




A/R 




-46 


139175 




. . . Filter, Power (CI C2 C3 C4) 




4 




-47 


132570-004 




. Terminal, Ring Tongue 




9 




-48 


110996-105 




. . Resistor Fixed Film 1W 




4 




-49 


100274-016 




. . Sleeve, Plastic 




A/R 




-50 


109432-001 




Block, Terminal Stack Type 




10 





(Continued) 
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Table 9-2. RAD Storage Unit Cabinet Assembly (Cant.) 



Fig. & 
Index No. 



9-2-50 
-50 
-50 
-51 



-52 



XDS 
Part Number 



109432-005 
109432-006 
109432-008 
130191-002 

100039-405 
100024-400 
100008-400 

149330 



Vendor 
Part Number 



Description 
1 2 3 4 5 6 7 



. . Clip, Retaining 
. . . Channel, Mounting 
. . . Plate, End 
. . . Clamp, Conduit 

(Attaching Parts) 
. . . Screw, Flat Hd 
. . . Washer, Lock Int Tooth 
. . . Nut, Hex 

- _ _ * _ .. _ 

. Extended RAD Control'.e. (See Fig. 9-9) 



Mfg. 
Code 



Units Per 
Assy 

4 
2 
2 
2 



4 

4 

. 4 

REF 



Usable on 
Code 
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Figure 9-3. Selection Unit Assembly 
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Table 9-3. Selection Unit Assembly 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
12 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-3- 


139690 




. Selection Unit Assy 




REF 




- 1 


131958 




Door, Chassis 




2 




- 2 


131959 




Hinge, Chassis Door 




1 




- 2 


131960 




Hinge/ Chassis Door 
(Attaching Parts) 




1 




- 


100012-204 




. . Screw, Pan Hd 




8 




- 


100018-200 




. . Washer, Flat 




8 




- 


100024-200 




Washer, Lock Int Tooth 




8 




- 3 


129554 




. . Trigger, Door Latch 
(Attaching Parts) 




o 




- 


100012-105 




Screw, Pan Hd 




2 




- 


100024-100 




. . Washer, Lock 




2 




- 4 


129540 




Spring- Door Latch Mounting 
(Attaching Parts; 




1 




- 


100012-^304 




Screw, Pan Hd 




2 




- 


100018-300 




. . Washer, Flat 




2 




- 


100024-300 




. . Washer, Lock Int To^fh 




2 




- 5 


130639 




Bracket, Door Latch Mounting Support 
(Attaching Parts) 




1 




- 


100012-203 




. . Screw, Pan Hd 




4 




- 


100018-200 




. . Washer, Flat 




4 






100024-200 


_ _ _^___ _ 


. Washer, Lock Int Tooth 

* 




4 





(Continued) 
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Table 9-3. Selection Unit Assembly (Cont.) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-3-6 


116231 




. . Chassis/ 32 Module (See Fig 9-4 for 
Mod Location) 




2 




-6 


129567-001 




. . Nut, Strip Speed 




4 




-7 


129694 




. . Panel, Blank 

(Attaching Parts) 




1 




- 


100012-304 




Screw; Pan Hd 




19 




- 


100018-400 




. . Washer, Flat 




19 




- 


100024-400 




. . Washer, Lock Int Tooth 




19 




- 


100008-400 




. . Nut, Hex Mach 




5 




£ - 8 


116522 




Channel, Cable Routing 




1 




- 9 


123940-001 




Channel, Cable Routing 
(Attaching Parts) 




2 




- 


100012-203 




Screw, Pan Hd 




12 




- 


100018-200 




. Washer, Flat 




12 




- 


100024-200 




. . Washer, Lock Int Tooth 




12 




-10 


1 17427 




. . Filter, Air 




1 




-11 


100657-002 




. Clamp, Cable 

(Attaching Parts) 




2 




- 


100012-407 




Screw, Pan Hd 




2 




- 


100018-400 




. . Washer, Flat 




2 




- 


100024-400 




. Washer, Lock Int Tooth 




2 




- 


100008-400 




. . Nut, Hex Mach 




2 




-12 


139865 




Backwiring Board Assy 




1 




-13 


100657-003 




. . Clamp, Plastic 




2 





(Continued) 
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Table 9-3. Selection Unit Assembly (Cont.) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-3-14 


152673 




Ground Strap Assy 
(Attaching Parts) 




2 




- 


114538-214 




Screw, Sheet Metal 




36 




- 


100008-300 




. . Washer, Flat 




36 




- 


100024-300 




. . Washer, Lock Int Tooth 




36 




-15 


139968 




. Strip Mounting, Wire Clamp 
(Attaching Parts) 




1 




- 


100012-304 




Screw, Pan Hd 




3 




- 


100018-300 




. . Washer, Flat 




3 




- 


100024-300 




. . Washer, Lock Int Tooth 




3 




-16 


139969 




Block, Wire Clamping 
(Attaching Parts) 




2 




- 


100039-310 




. . Screw, Flat Hd 




6 




-17 


139637 




. . Top Fan Assy 

(Attaching Paris) 




1 




- 


100012-304 




Screw, Pan Hd 




8 




- 


100018-300 




. . Washer, Flat 




8 




- 


100024-300 




. Washer, Lock Int Tooth 




8 




-18 


100657-011 




Clamp, Cable 




2 





(Continued) 
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Table 9-3. Selection Unit Assembly (Cont.) 



Fig. & 
Index No. 


XDS 

Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-3-19 


100657-009 




. Clamp, Cable 

(Attaching Parts) 




2 




; 


100012-407 




Screw, Pan Hd 




4 




- 


100018-400 




. . Washer, Flat 




4 




- 


100024-400 




. . Washer, Lock Int Tooth 




4 




-20 


109432-001 




Block, Terminal Stack Type 




14 




-20 


109432-011 




End, Block 




4 




-20 


109432-008 




. . End, Plate 




2 




-20 

l 


109432-006 




. Channel, Mounting 
(Attaching Parts) 




2 




- 


100012-310 




Screw, Pan Hd 




4 




- 


100018-300 




. . Washer, Flat 




4 




- 


100024-300 




. Washer, Lock Int Tooth 




4 




-21 


139967 




Bracket Mounting, Terminc! Block 
(22-4 AWG) 

(Attaching Parts) 




2 




. - 


100012-405 




Screw, Pan Hd 




4 




- 


100018-400 




. Washer, Flat 




4 




- 


100024-400 




Washer, Lock Int Tooth 




4 




-22 


139634-001 




Panel, Side Chassis RH 




1 




-22 


139634-002 




Panel, Side Chassis LH 




1 




-23 


139635 




Frame, Pivot Chassis Mounting 
(Attaching Parts) 




1 




l -24 


126340-010 




Fastener, Captive 

_ _ _ * _ 




2 





(Continued) 
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Table 9-3. Selection Unit Assembly (Cont.) 








Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-3-25 


107199-308 




Pin, Roll Corrosion 




2 




-26 


116722-003 




Spring, Compression 




2 




-27 


145419-001 




Rod, Latch 




1 




-27 


145419-002 




Rod, Latch 




1 




-28 


145418 




Guide, Rod 

(Attaching Parts) 




4 




- 


100012-40/ 




Screw, Pan Hd 




8 




- 


100018-400 




. . Washer, Flat 




8 




- 


100024-400 




. Washer, Lock Int Tooth 

_ _ _ * ^ _ _ 




8 




-29 


145420-001 




. . Block, Latch 




1 




-29 


145420-002 




Block, Latch 

(Attaching Parts) 




1 




- 


100039-520 




Screw. Flat Hd 




4 




- 


100012-524 




Screw, Pan Hd 




4 






100018-500 




. Washer, Flat 




4 




- 


100024-500 




Washer, Lock Int Tooth 




4 




-30 


107396 




Switch, Toggle 




16 




-31 


145704 




Panel, Switch Mounting 
(Attaching Parts) 




1 




- 


100012-505 




Screw, Pan Hd 




8 




- 


100018-500 




. . Washer, Flat 




8 




- 


100024-500 




Washer, Lock Int Tooth 




8 




-32 


147024 




Rod Hanger, Interface Plate 




1 




-33 


139686 




Pin, Hinge 




2 





(Continued) 
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Table 9-3. Selection Unit Assembly (Cont. ) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-3 -34 


139636 




Frame, Pivot Selection Unit Mtg 




1 




-35 


139892-002 




. . Angle, Support 




1 




-35 


139892-001 




. Angle, Support 

(Attaching Parts) 








- 


100012-508 




Screw, Pan Hd 




4 




- 


100018-500 




. . Washer, Flat 




4 




m 


100024-500 




. Washer, Lock 




4 




-36 


109159-008 




Bumper, Rubber 




2 




i 






(Attaching Parts) 








- 


100018-400 




. Washer, Flar 




2 




- 


100024-400 




. Washer, Lock Inr Tooth 




4 




- 


100008-400 




Nur, Hex Mach 

— __* — — _ 




6 




-37 


113800-212 




Screw, Shoulder Slotted 




2 




-38 


145515 




. Cover, Connector- Base Pla'e 




1 




• 






■" (Attaching Parts) 








100012-205 




Screw, Pan Hd 




4 




- 


100018-200 




. . Washer, Flai 




4 




- 


100024-200 




. Washer, Lock Int Tooth 




4 




-39 


146673 




Hanger 




2 




-40 


113800-204 




Screw, Shoulder Slotted 




2 




-41 


145514 




. . Cover, Connector 




1 




-41 


153709-001 


- 


. Chart, Head Wiring 




1 




-42 

m 


126340-002 




Captive, Fastener 




2 





(Continued) 
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Table 9-3. Selection Unit Assembly (Cont.) 



Fig. & 
Index No. 



9-3 -43 



-44 



-45 
-46 
-47 



XDS 

Part Number 



139969 

100039-307 

127489-002 

100012-205 
100024-200 

127614 

152*29-001 

152429-002 



Vendor 
Part Number 



Description 
1 2 3 4 5 6 7 



Block, Wire Clamping 
(Attaching Parts) 

Screw, Flat Hd 

* _ _ _ 

Connector, 50 Pin 

(Attaching Parts) 

Screw, Pan Hd 

Washer, Lock Int Tooth 
* 

Plate Mtg, Connector Plug 
Screw, Captive 
Nut, Mtg 



Mfg. 
Code 



Units Per 
Assy 



16 
16 

1 
2 
2 



Usable on 
Code 
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A 



32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 
V1V V ' U VU W W up lip up vji/ up Ki ' j up vjp up up vp up up vji/ u p up up up up up up uu up uu vv \<^ W 





26 26 26 26 25 



o \ 6 \12 \20 \11 15 16 17 
4 22 12 18 13 



B 



32 31 30 29 28 2"» 28 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 
Trf-vI P w w viu viu ' up up u p up up up *jp up up up up \sj up \\y up u p up up up up up \jv up u.p uu up 




901565 A. 904 



Figure 9-4. Module Location (Selection Unit Assembly) 
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Table 9-4. Module Locations (Selection Unit Assembly) 



Fig. & 
Index No. 



XDS 
Part Number 



9-4 - 

r] 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

-10 

-11 

-12 

- 7 3 

-14 

-15 

-16 

-17 

-18 

-19 

-20 

-21 

-22 

-23 

-24 

-25 

-26 



149853 B 

139418 

139409 

139560^ 

139714 

147791 

139716 

139792 

130747 

139570 

133500 

126982 

117028 

1 16029 

145221-001 

124629 

123018 

131572 

116994 

131572 

116257 

130689 

147800 

145085 

145095 

115965 

164375 



Vendor 
Part Number 



Description 
1 2 3 4 5 6 7 



Module Kit Assy 



. Modu 


e Assy, 


. Modu 


e Assy, 


. Modu 


e Assy, 


Modu 


e Assy, 


Modu 


e Assy, 


. Modu 


e Assy, 


. Modu 


e Assy, 


. Modu 


e Assy, 


. Modu 


e Assy, 


. Modu 


e Assy, 


. Modu 


e Assy, 


, Modu 


e Assy, 


. Modu 


e Assy, 


. Modu 


e Assy, 


Modu 


e Assy, 


Modu 


e Assy, 


. Modu 


e Assy, 


. Modu 


e Assy, 


. Modu 


e Assy, 


Modu 


e Assy, 


« Modu 


e Assy, 


. Modu 


e Assy, 


. Modu 


e Assy, 


. Modu 


e Assy, 


. Modu 


e Assy, 


. Modu 


e Assy, 



(Selection Unit Assy) 
LT76 Read Write 
HT42 Read AMP 
RT18Y Select 
HT44Limiter 
AT51 Clock Discr 
LT77 Data Decode 
HT43 Write AMP 
LT32 Sec Ind Dec 
AT41 Wrire Clock 
WT29 RAD Pwr Monitor 
LT26 Switch Comp 
FT 12 Gated FF 
BT11 BAND Gate 
P35 Sector AMP 
ATI 2 Cable Driver 
AT10 Cabie Rec 
QT1 2 Lamp Dr Rec 
IT 1 1 Inverter Matrix 
FT11 High Speed Ctr 
XT! Term Module 
BT15 10 Sec 1st 
LT85 Pul Puc Comp 
BT31 BAND Gate 
IT31 NAND Gate 
BT12 Binary Decoder 
LT105 Spare Selector 



Mfg. 
Code 



Units Per 
Assy 



Usable on 
Code 
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7 49 52 



901 565 A. 905 



I""-. * Wi i *5 



<xoo 



Figure 9-5. Spindle and Drive Assembly 
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Table 9-5. Spindle and Drive Assembly 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-5 - 


139697 C 




Disc File Assy 




REF 




9-5 - 


148433 D 




. . Bulk Hd Unit-(Disc File Assy) 




1 




9-5 - 


123455 R 




Spindle & Drive Assy 




1 




-1 


127387-001 




. . . Nut, Lock 




2 




-2 


127388 




. Washer, Hub Positioning 




1 




-3 


127389 




. ' . . . Hub Assy 




1 




-3 


126716 








1 




-3 


127054 




. Insert, Hub 




1 




-3 


1 1 1 468-502 








6 




-4 


126623 




Bearing, Retainer 




• 




-5 


123456 




Bail, Bearing 




2 




-6 


147222-001 




Brake, Magnetic 
(Attaching Parts) 




1 




-7 


133079-406 




Screw, Flat Hd 




4 




-8 


132086 




Spline, Brake Drive 




1 




-9 


107199-413 




.... Pin, Roll 




1 




-10 


131965 




Cap, Motor Housing 
(Attaching Parts) 




1 




-11 


113440-206 




Screw, Cap 5c«~ Hd 




4 




-12 


136561-001 




. Connector, Male 14 Pin (J37) 




1 




-13 


132570-002 




Terminal, Ins Ring Tongue 
(Attaching Parts) 




1 




-14 


100012-404 




Screen, Pan HJ 




1 




-15 


100018-400 




. Washer, Flat 




1 




-16 


113221-400 




Washer, Lock 




1 





(Continued) 
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Table 9-5. Spindle and Drive Assembly (Cont. ) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
12 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-5 -17 

I 


149581 




Clamp, Cartridge 
(Attaching Parts) 




1 




-18 


129633-206 




Screw, Cap Soc Hd 




4 




-19 


100008-200 




. . . . Nut, Hex Mach 




2 




-20 


149479-001 




. . . . Cartridge, Brush Holder 




1 




-21 


149580 




Bracket, Cartridge 




1 




-22 


152008 




. . Plug, Screw 




1 




-23^ ^ 


149578-001 


&y£?8 SO > 


?**? . . Brush, Metal Graphite 




1 




1 -24 


100720-006 




Grommet, Rubber 




2 




-25 


128155-001 




. Thermostat, Overtemp 
(Attaching Parts) 




1 




-26 


100012-104 




Screw, Pan Hd 




2 




-26 


100018-100 




. . . . Washer, Flat 




2 




-26 


100024-100 




. . . Washer, Lock 




2 




-26 


100008-100 




. . . . Nut, Hex Mach 




2 




-27 


130777-001 




Spacer, Rotor 




1 




-28 


131977-005 




Motor, Rotor 




1 




-29 


131186 




Cap, Load Spring Retaining 
(Attaching Parts) 




1 




-30 


129633-508 




. . . . Screw, Cap Soc Hd 




4 




-30 


129633-506 




. Screw, Cap Soc Hd 

* 




4 




-31 


123460-021 




.... "O" Ring, Teflon 




2 




■> -32 


127346-001 




Shim, Retaining Bearing 




A/R 




-32 


127346-002 




Shim, Retaining Bearing 




A/R 





(Continued) 
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Table 


9-5. 


Spindle and Drive Assembly (Cont.) 








Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


1 2 


Description 
3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-5 -32 


127346-003 




• • 


Shim, Retaining Bearing 




A/R 




-33 


128163-002 




• • 


. Washer, Spring 




2 




-34 


123458 




• • 


. Shaft, Spindie 




1 


' 


-35 


126835-003 




• • 


. Woodruff, Key 




1 




-36 


107199-108 




• • 


. . Roll, Pin 




1 




-37 


131964 




• • 


Baffle, Motor Housing 
(Attaching Parts) 




1 




-38 


129633-204 




• V 


Screw, Cap Soc Hd 




4 




-39 


100018-200 




• • 


. . Washer, Flat 




4 




-40 


131997-004 




• • 


. Motor, Elec Three Phase (Stator) 
(Attaching Parts) 




1 




-41 


132103-001 




• • 


Screw, Motor Hcjsing Mtg 




4 




-42 


131963 




. . 


Housing, Motor 




1 




-43 


129687 




• • 


Baffle, Air Spindle & Drive 
(Attaching Parts) 




1 




-44 


131530-103 




• ■ 


Screw, Drive 




4 




-45 


127056 




. . 


Spindle Housing Assy 




1 




-46 


107199-614 




• • 


. . Pin, Roll Cres (3/16 Dia x 7/8 Lg) 




3 




-47 


126624 




• • 


. , Liner, Spindle Housing 




1 




-48 


133080 




• • 


Plate, Adaptor Tachometer 
(Attaching Parts) 




1 




-49 

i 


1 1 3440-206 






Screw, Cap Soc Hd 




3 





(Continued) 
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Table 9-5. Spindle and Drive Assembly (Cont. ) 



1 



Fig. & 
Index No. 



XDS 

Part Number 



Vendor 
Part Number 



Description 
1 2 3 4 5 6 7 



Mfg. 
Code 



Units Per 
Assy 



Usable on 
Code 



9-5 -50 



-51 



132593 



Generator, Tachometer 



123054-104 



52 


133559-026 


52 


102066-001 


•53 


149272 


-54 


1 32743 



(Attaching Parts) 
Screw, Button Hd 

Wire, Twisted Pair 

Cord, Lacing 

Coupling, Shaft 

Shaft, Coupling-Tachometer 



1 



A/R 
A/R 

1 

1 



9~-28 



XDS 901565 



63, 66 

62 I 65 59 

64 l 57 




901 565 A. 906 



Figure 9-6. Motor Control Unit Assembly 
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Table 9-6. Motor Control Unit Assembly 



Fig. & 
Index No. 


XDS 

Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-6 - 


146485 J 




. . Motor Control Unit Assy 




REF 




-1 


132175 




. . . Chassis Motor Control Unit 
(Attaching Parts) 




1 




- 


113526-006 




. . . Nut, Self Clinching 




10 




- 


113526-012 




. . . Nut, Self Clinching 




5 




-2 


146484 




. . . Chassis, Filter Mtg Control Unit 
(Attaching Parts) 




1 




- 


113526-012 




. . . Nut, Self Clinching 




2 




; 


100012-508 




Screw, Pan Hd 




5 




- 


100018-500 




. . . Washer, Flat 




5 




- 


113221-500 




. Washer, Lock Spring 




5 




- 


100008-500 




. . . Nut, Hex Mach 
— _ _ * _ 




5 




-3 


146487 




. . . Angle, Mtg RH 




1 




-3 


146486 




. . . Angle, Mtg LH 




1 










(Attaching Parts) 








- 


100012-508 




. . Screw, Pan Hd 




6 




- 


100018-500 




. . . Washer, Flat 




6 




- 


113221-500 




. Washer, Lock Spring 




6 




- 


100008-500 




. . . Nut, Hex Mach 




6 




-4 


132176 




. Cover, Chassis (Motor Control Unit) 




1 




-4 


126340-012 




. . . Fastener, Captive 




4 




-5 


147044-001 




Label, Filter 




2 




-6 


129731 




. . . Filter, Container Assy 




2 





(Continued) 
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Table 9-6. Motor Control Unit Assembly (Cont.) 



Fig. & 
Index No. 



XDS 
Part Number 



Vendor 
Part Number 



Description 
1 2 3 4 5 6 7 



Mfg. 
Code 



Units Per 
Assy 



Usable on 
Code 



9-6 -6 
-7 
-8 
-9 
-10 
-11 
-12 
-13 



-23 



127990 

126440-012 

116702-002 

134844-001 

132514 

132744 

147044-002 

158947 

100012-306 



-14 


132084 


-15 


116701 


-16 


117226 


-17 


134993 


-18 


133033-001 


-19 


132749-001 


-20 


145646 


-21 


116702-001 


-22 


132534 



100012-508 
100018-500 
113221-500 

100720-009 



. Container, Filter-Charcoal 
. Fastener, Captive 
. Connector, Elbow 

Nut, Lock 
Filter, Air Charcoal 
Gasket, Filter Mtg 
Label, Filter 
Absolute Filter Unit Assy 

(Attaching Parts) 
Screw, Pan Head 

Union, Bulkhead 

Tubing, Pressure 

Filter, Air 

Regulator, Pressure 

Plug, Pipe Hex Hd 

Nipple, Pipe Fitting 

Fitting, Adapter Bulkhead 

Connector, Elbow 

Valve, Solenoid (K12, K13, K14) 
(Attaching Parts) 
. Screw, Pan Hd 
. Washer, Flat 

. Washer, Lock Spring 

* 

. Grommet, Rubber 



(Continued) 



2 

72 

1 

1 

1 

2 

1 

2 

3 

6 
6 
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Table 9-6. Motor Control Unit Assembly (Cont.) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-6 -24 


132359 




Bracket, Solenoid Mtg 
(Attaching Parts) 




1 




- 


100012-306 




Screw, Pan Hd 




2 




- 


100018-300 




. . . Washer, Flat 




2 




- 


113221-300 




. . . Washer, Lock Spring 




2 




-25 


113707-002 




. . . Switch, Pressure (S2, S3) 




2 




-26 


134843 




Cover, Protective 




2 




-27 


116702-002 




Connector, Elbow 




2 




-28 


132749-005 




. . . Nipple-Pipe Fitting 




5 




' : -29 


132083-002 




Union, Tube Fitting (Mcle) 




T 




-30 


116701 




Tubing, Pressure 




A/R 




-31 


132532-002 




. . . Elbow, Street 




2 




-32 


132528 




Tee, Tube Fitting 




1 




-33 


132529-001 




Tee, Female Pipe Fitting 




4 




-34 


133033-002 




. . . Plug, Pipe Hex Hd 




1 




-35 


132178 




bracket, Component Mtg 




1 




-36 


100840-002 




Grommet, Nylon 
(Attaching Parts) 




2 




- 


100012-407 




. . . Screw, Pan Hd 




3 




- 


100018-400 




. . . Washer, Flat 




3 


: 


- 


1T3221-400 




. . . Washer, Lock Spring 




3 




: 






__„*..__ 








-37 


100657-004 




. . . Clamp, Cabte Nylon 




1 










(Attaching Parts) 








- 


100012-410 




. . . Screw, Pan Hd 




1 




- 


100018-400 




. . . Washer, Flat 




1 




- 


113221-400 




. Washer, Lock Spring 




1 






100008-400 




Nut, Hex Mach 




1 










___*___ 






. 



(Continued) 
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Table 9-6. Motor Control Unit Assembly (Cont.) 



Fig. & 
Index No. 



XDS 
Part Number 



Vendor 
Part Number 



Description 
12 3 4 5 6 7 



Mfg. 
Code 



Units Per 
Assy 



Usabie on 
Code 



9-6 -38 



-39 



-40 
-41 



-42 
-43 
-44 



-45 
-46 



149710 

100012-306 
100018-300 
113221-300 

132495 

132570-005 
1 1 3220-600 

113694 
133034-001 

100039-304 

100992-003 
107132-003 
107018-314 

100012-320 
100012-307 
100018-300 
100024-300 

109432-001 
109432-005 



Cover, Protective 

(Attaching Parts) 
Screw, Pan Hd 
Washer, Flat 
Washer, Lock Spring 

Thyristor, (XDS 236) (SCR1, R2, R3) 

(Attaching Parts) 
Terminal, Ins Ring Tongue 
Washer, Flat 

Switch, Subminiature DPDT Toggle SI 
Circuit, Breaker CB1 
(Attaching Parts) 
Screw, Flat Head 100° 

Capacitor, DV Oil/Paper (C30, 31, 32) 
Spacer, Round 
Standoff, Hex 

(Attaching Parts) 
Screw, Pan Hd 
Screw, Pan Hd Recessed 
Washer, Flat 
Washer, Lock 

Block, Terminal 18-8 AWS 
Clip, Retaining 

(Continued) 



3 
2 
2 

2 
2 

4 
4 

20 
1 
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Table 9-6. Motor Control Unit Assembly (Cont. ) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
12 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-6 -47 


109432-006 




. Mounting, Channel 




1 




-48 


109432-008 




. . . Plate, End 




1 




-49 


109432-012 




Jumper 

(Attaching Parts) 




2 




- 


100012-407 




Screw, Pan Hd 




4 




- 


100018-400 




. . . Washer, Flat 




4 




- 


113221-400 




. . . Washer, Lock Spring 




4 




» - 


100008-400 




. . . Nut, Hex Mach 




4 




-50 


1 32343 




. . . PW Assy, (TBI) (See Fig, 9-7) 




} 




-51 


1 00657-005 




. Clamp, Cable Nylon 




1 




-52 


107018-308 
100012-306 




Standoff, Threaded 
(Attaching Parts) 
. . . Screw, Pan Hd 




4 
4 




- 


100018-300 




. . . Washer, Flat 




4 




- 


113221-300 




. Washer, Lock Spring 




4 




^ -53 


130422-001 




. . . Contactor, 3 Pole (K5, K6) 
(Attaching Parts) 




2 




- 


100012-307 




. . . Screw, Pan Hd Recessed 




6 




- 


100018-300 




. . . Washer, Flat 




6 




- 


100024-300 




. . . Washer, Lock 




6 




- 


100008-300 




. . . Nut, Hex Mach 




6 




-54 

A 


106994 




. . . Relay, DC (K3, K4, K7, K8) 




4 





(Continued) 
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Table 9-6. Motor Control Unit Assembly (Cont. ) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-6 -55 


106843 




Socket, Relay 




4 










(Attaching Parts) 








- 


100012-207 




„ . . Screw, Pan Hd 




4 




- 


100018-200 




. . . Washer, Flat 




4 




- 


113221-200 




. . Washer, Lock Spring 




4 




- 


100008-200 




. . . Nut, Hex Mach 

* 




4 




-56 


146260 




. . . Bracket, Relay Mtg 
(Attaching Parts) 




1 




- 


100012-407 




Screw, Pan Hd 




2 




- 


100018-400 




. . . Washer, Flat 




2 




- 


113221-400 




. Washer, Lock Spring 




2 




- 


100008-400 




. . . Nut, Hex Mach 

— _ _ * _ ~ _ 




2 




-57 


1 301 32 




. . . Relay, DPDT 10A (K1,K2, K9) 
(Attaching Parts) 




3 




- 


100012-306 




. . . Screw, Pan Hd 




9 




- 


100018-300 




. . . Washer, Flat 




9 




- ■ 


113221-300 




. . . Washer, Lock Spring 




9 




-58 


110996-471 




. . . Resistor, Film 1W (R56) 




1 




-59 


132179 




Bracket, Relay Mtg 
(Attaching Parts) 




1 




- 


100012-306 




Screw, Pan Hd 




4 




- 


100018-300 




. . . Washer, Flat 




4 






113221-300 




. . Washer, Lock Spring 




4 





(Continued) 
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Table 9-6. Motor Control Unit Assembly (Cont.) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-6 -60 


T 30765 




. . . Relay, 4 Form C 24VDC (K10) 
(Attaching Parts) 




1 




I 


100012-407 




. . . Screw, Pan Hd 




1 




- 


100018-400 




. . . Washer, Flat 




1 




* 


113221-400 




. . . Washer, Lock Spring 




1 




-61 


129681 




. . . Relay, Time Delay (K15) 




1 




129682 




. . . Socket, Time Delay 




1 




-63 


132570-001 




. Terminal, Ins Ring Tongui 




2 




l 






(Attaching Parts) 








- 


100012-314 




Screw, Pan Hd Recessed 




2 




- 


100018-300 




. . . Washer, Flat 




2 




- 


100024-300 




. Washer, Lock 




2 




- 


100008-300 




. . . Nut, Hex Mach 




2 




-64 


101155-150 




. . ■. Resistor, Fixed WW (Rl) 
(Attaching Parts) 




1 




• 


100012-210 




. . . Screw, Pan Hd 




2 




- 


100018-200 




. . . Washer, Flat 




2 




- 


113221-200 




. . . Washer, Lock Spring 




2 




- 


100008-200 




. . . Nut, Hex Mach 




2 




-65 


108474 




. . . Capacitor, JN Electrolytic (CI) 




1 





(Continued) 
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Table 9-6. Motor Control Unit Assembly (Cont.) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-6 -66 


126945-002 




Bracket, Capacitor Mtg 
(Attaching Parts) 




1 




- 


100012-306 




. Screw, Pan Hd 




3 




- 


100018-300 




. . . Washer, Flat 




4 




- 


113221-300 




. Washer, Lock Spring 




2 




- 


100008-300 




. . . Nut, Hex Mach 




3 




-67 


100992-003 




. . . Capacitor, DV Oil/Paper (C3,C4) 




2 




-68 


107132-005 




Spacer, Round LH 




2 




-68 


107132-006 




Spacer, Round RH 
(Attaching Parts) 




2 




- 


100012-320 




. Screw, Pan Hd 




2 




- 


1 1 3220-300 




. . . Washer, flat 




2 




- 


113221-300 




. Washer, Lock Spring 




2 




-69 


1 00992-006 




. . . Capacitor, DV Oil/Paper (C5) 
(Attaching Parts) 




1 




- 


100012-306 




Screw, Pan Hd 




2 




- 


113220-300 




. . . Washer, Flat 




2 




- 


113221-300 




Washer, Lock Spring 




2 




-70 


132177 




Bracket, Capacitor Mtg 
(Attaching Parts) 




1 




- 


100012-306 




Screw, Pan Hd 




4 




- 


100018-300 




. . . Washer, Flat 




4 






113221-300 




. Washer, Lock Spring 




4 





(Continued) 
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Table 9-6. Motor Control Unit Assembly (Cont.) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


" 
Usable on 

Code 


9-6 -71 


100992-003 




. . . Capacitor, DV Oil/Paper (C6,7,8) 
(Attaching Parts) 




3 




- 


100012-306 




. . . Screw, Pan Hd 




6 




- 


113220-300 




. . . Washer, Flat 




6 




- 


113221-300 




Washer, Lock Spring 
_ _ _ * 




6 




-72 


132369 




Transformer (Tl) 
(Attaching Parts) 




1 




- 


100012-508 




Screw, Pan Hd 




4 




- 


100018-500 




. . . Washer, Flat 




4 




- 


113221-500 




. . Washer, Lock Spring 




4 




- 


100008-500 




Nut, Hex Mach 

.. _ _ * _ _ ~ 




4 




-73 


132492 




Transformer (T2) 
(Attaching Parts) 




1 




- 


100012-306 




. . . Screw, Pan Hd 




4 




- 


100018-300 




. . . Washer, Flat 




4 




- 


113221-300 




. Washer, Lock Spring 




4 




-74 


136179 




. . . Cable, 4 Conductor (Grn Wire) 




A/R 




-75 


130191-001 




. Connector, Cable Grip 




2 




-76 


132570-001 




Terminal, Ins Ring Tongue 
(Attaching Parts) 




1 




- 


100012-306 




Screw, Pan Hd 




1 




- 


100018-300 




. . . Washer, Flat 




1 




- 


113221-300 




. Washer, Lock Spring 




1 




- 


100008-300 




Nut, Hex Mach 




1 





(Continued) 



9-38 



XDS 901565 



Table 9-6. Motor Control Unit Assembly (Cont. ) 



Fig. & 
Index No. 



XDS 

Part Number 



9-6 -77 
-78 



136560-002 
101625-003 



Vendor 
Part Number 



Description 
1 2 3 4 5 6 7 



. Connector, 14 Contact-Female 
. Tubing, Spiral 



Mfg. 
Code 



Units Per 
Assy 



1 

A/R 



Usable on 
Code 



9-39 



XDS 901565 



*■ - - - C 4-4 .- .4-4 4 







c) : g 



2: I 









it/ W \"^ kii 



lS£ >**?.&. 









..; -J 






901 565.4.. 907 



Figure 9-7. Printed Wiring Board (TBI) 
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Table 9-7. Printed Wiring Board TBI 



Fig. & 
Index No. 



XDS 
Part Number 



Vendor 
Part Number 



Description 
1 2 3 4 5 6 7 



Mfg. 
Code 



Units Per 
Assy 



Usable on 
Code 



9-7 - 



1 32343 

1 32344 
111530 
100698 

102055 
103242 
124298 

100323 
100025 
111516 
132494 
101154 

123300-475 

123300-126 
110996-103 
110996-152 
110996-20? 
110996-100 
110996-105 
110996-622 
110996-473 
110996-273 
130109-097 
110996-183 
123363-164 



. PW Motor Control Unit (TBI) 

. . Board, PW 

. . . Transistor XDS 231, (Ql, 5) 



Transistor XDS 21 0, (Q2, 3, 6, 7, 
8,10,11) 



Transistor XDS 214, (Q4) 

Transistor XDS 216, (Q9) 

Pad, Transistor (Ol thru 8, 10, 
11) 

Diode XDS 106 (VR1,2,5 thru 9) 

Diode XDS 101, (VR3,4) 

Diode XDS 123, (CR14) 

Diode XDS 135, (CR 23, 24, 25) 

Diode XDS 113, (CR1 thru 13, 
16, 17)(CR19 thru 22,26,27) 

Capacitor, Tantalum (C9 thru 12) 
(CI 4 thru 20, C 24 thru 27) 

Capacitor, Tantalum (C13, 22, 23) 

Resistor, 1W (R2) 

Resistor, 1W (R3) 

Resistor, 1W (R25, 45,50) 

Resistor, 1W (R18, 30, 38) 

Resistor, 1W (R20 thru 24) 

Resistor, !W (R32) 

Resistor, ;W (R33) 

Resistor, 1W (R46 thru 49) 

Resistor, 1W (R39, 41,43) 

Resistor, 1W (R31) 

Resistor, 1/8W (R37) 



10 

7 
2 
1 
3 
21 

15 

3 
1 
1 
3 
3 
5 
1 
1 
4 
3 
1 
1 



(Continued) 
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Table 9-7. Printed Wiring Board TBI (Cont.) 



Fig. & 
Index No. 



XDS 
Part Number 



Vendor 
Part Number 



Description 
12 3 4 5 6 7 



Mfg. 
Code 



Units Per 
Assy 



Usable oni 
Code 



9-7 - 



123362-243 

123362-084 
123362-281 
123362-147 

123362-197 
123362-219 
123362-176 

123362-212 
12^362-339 
123362-172 
110996-101 
123300-124 
126297-001 



Resistor, 1/8W (R4, 5, 9, 1 3, 35, 
51,10) 

Resistor, 1/8W (R6,8) 

Resistor, 1/8W (R7) 

Resistor, 1/8W (R28, 40, 42, 44, 
53,54) 

Resistor, 1/8W (R12) 

Resistor, 1/8W (R14) 

Resistor, 1/8W (R17, 34, 1 1, 15, 
29,52) 

Resistor, 1/8W (R26, 36) 

Resistor, 1/8W (R19,27) 

Resistor, 1/8W (R16) 

Resistor, 1W (R55) 

Capacitor, Tanraium (C29) 

Terminal, Bif Rivet (El thru 45) 
* 



2 
1 
6 

1 
1 
6 

2 
2 
1 
1 
1 
45 
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901 565 A. 908 



Figure 9-8. Power Distribution Panel Assembly 
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Table 9-8. Power Distribution Panel Assembly ■ 



Fig. & 
Index No. 



9-8 - 
-1 
-2 



-3 



-5 



XDS 
Part Number 



137529 E 

137530 

131326 

100012-407 
100018-400 
100024-400 

127055 

100012-407 
100018-400 
100024-400 
100008-400 

130132 
110996-331 

100012-307 
100018-300 
100024-300 

129681 



Vendor 
Part Number 



1 2 



Description 
3 4 5 6 7 



Power Distribution Panel Assy 
. Chassis Distribution Panel 
. Cover, Distribution Panel 

(Attaching Parts) 
. Screw, Pan Hd 
. Washer, Flat 

. Washer, Lock 

* 

. Transformer (T1) 

(Attaching Parts) 

. Screw, Pan Hd 

. Washer, Flat 

. Washer, Lock Int Tooth 

. Nut, Hex Mach 

* 

. Relay, DPDT 10A (K4) 
i Resistor, 330 1W (Rl) 

(Attaching Parts) 
. Screw, Pan Hd 
. Washer, Flat 

. Washer, Lock Int Tooth 

* 

. Relay, Time Delay Thenna! (K5) 



(Continued) 



Mfg. 
Code 



Units Per 
Assy 



REF 
1 
1 



14 
14 
14 



Usable on 
Code 
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Table 9-8. Power Distribution Panel Assembly (Cont.) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
12 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-8 -5 


1 29682 




Socket, Relay 

(Attaching Parts) 




1 




- 


100012-316 




Screw, Pan Hd 




2 




- 


100018-300 




. . . Washer, Flat 




2 




- 


100024-300 




. . . Washes Lock Int Tooth 




2 




- 


100008-300 




. . . Nut, Hex Mach 




2 




-6 


130540 




. . . Relay, DPDT5A 24VDC Coil (K3) 




1 




-6 


101154 




. . . Diode, XDS 113 (CRT) 
(Attaching Parrs) 




1 




— 


100012-406 
100018-400 




. . . Screw, Pan Hd 
. Washer, Flat 




1 
1 




- 


100024-400 




. . . Washer, Lock Int Tooth 




1 




-7 


130422-001 




. . . Contactor, 3 Pole AC (Kl) 
(Attaching Parts) 




1 




_ 


100012-414 
100018-400 




Screw, Pan Hd 
. . . Washer, Flat 




3 
3 




- 


100024-400 




. . . Washer, Lock Int Tooth 




3 




- 


100008-400 




. . . Nut, Hex Mach 




3 




-8 


109432-001 




. . . Block (TBI, TB2) 




22 




-8 


109432-005 




Clip, Retaining 




4 




-8 


109432-006 




Mounting, Channel 




2 




-8 


109432-008 




. . . Plate, End 




2 





(Continued) 
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Table 9-8. Power Distribution Panel Assembly (Cont.) 



Fig. & 
Index No. 



XDS 
Part Number 



Vendor 
Part Number 



Description 
12 3 4 5 6 7 



Mfg. 
Code 



Units Per 
Assy 



Usable on 
Code 



9-8 -8 



-13 



109432-012 



- 


100012-407 


- 


100018-400 


- 


100024-400 


- 


100008-400 


-9 


100653-006 


-10 


100331 


-11 


130462 


-12 


101430 



127675 

100012-307 
100018-300 
100024-300 
100008-300 



-14 


109350-021 


-15 


130191-002 


-16 


100657-001 




^ 


-17 


100657-005 



100012-307 

100018-300 
100024-300 

100008-300 



Jumper, Terminal 

(Attaching Parts) 

Screw, Pan Hd 

Washer, Flat 

Washer, Lock Int Tooth 

Nut, Hex Mach 

Fuse, .250AMP3AG (Fl) 

Holder, Fuse 

Switch, Toggle DPDT (SI) 

Receptacle, Female 3 Contact (J2 thru 
J8) 

Receptacle, Male 3 Conicct (Jl) 

(Attaching Parts) 

Screw, Pan Hd 

Washer, Flat 

Washer, Lock Int Tooth 

Nut, Hex Machine 
* _ _ _ 

Plug, Snap In 

Clamp, Cable 

Clamp, Cable 

Clamp, Cable 

(Attaching Parts) 

Screw, Pan Hd 

Washer, Flat 

Washer, Lock Int. Tooih 

Nut, Hex Mach 

* 

(Continued) 



16 
16 
16 
16 

1 
2 
1 
1 
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Table 9-8. Power Distribution Panel Assembly (Cont. ) 



Fig. & 
Index No. 



XDS 
Part Number 



9-8 -18 
-19 



100720-004 
100720-007 
132570-004 
132570-001 



Vendor 
Part Number 



Description 
1 2 3 4 5 6 7 



Grommet, Rubber 
Grommet, Rubber 
Terminal, Ins Ring Tongue 
Terminal, Ins Ring Tongue 



Mfg. 
Code 



Units Per 
Assy 



1 
1 

4 
49 



Usable on 
Code 
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Figure 9-9. Extended Performance RAD Controller 
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Table 9-9. Extended Performance RAD Controller 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-9 - 


149330 D 




RAD Controller Assy (7231) 




REF 




-1 


131958 




Door, Chassis 




2 




-2 


131960 




Hinge, Chassis Door LH 




1 




-2 


131959 




. Hinge, Chassis Door RH 




1 










(Attaching Parts) 








- 


100012-204 




. Screw, Pan Hd 




8 




- 


100018-200 




. Washer, Flat 




8 




- 


100024-200 


- 


. Washer, Lock Int Tooth 

_ _ _ * ~ _ _ 




8 




-3 


129940 




. Bracket, Door Latch Mtg 
(Attaching Parts) 




1 




— 


100012-203 
100018-200 




. Screw, Pan Hd 
. Washer, Flat 




3 
3 




- 


100024-200 




. Washer, Lock Int ToofS 




3 




-4 


129554 




. Trigger, Dcor Latch 
(Attaching Parts) 




2 




- 


100012-105 




Screw, Pan Hd 




2 




- 


100018-100 




. Washer, Flat 

_ _ _ * _ , _ 




2 




-5 


129540 




Spring, Door Latch 
(Attaching Parts) 




1 




- 


100012-304 




Screw, Pan Hd 




2 




- 


100018-300 




. Washer, Flat 




2 




- 


100024-300 




. Washer, Lock Int Tooth 




2 




-6 


116231 




. Chassis, 32 Module (See Fig. 9-10 for Module 
Locations) 




3 





(Continued) 
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Table 9-9. Extended Performance RAD Controller (Cont. ) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-9 -6 


129567-001 




. Nut, Strip Speed 




6 




l 






(Attaching Parts) 










100012-405 




. Screw, Pan Hd 




24 




- 


100018-400 




. Washer, Flat 




24 




- 


100024-400 




. Washer, Lock lnt Tooth 

__■_*___ 




24 




-7 


116522 




. Channel, Cable Routing 




2 




-8 


123940-001 




.. Channel, Cable Routing 
(Attaching Parts) 




1 




i ~ 


100012-203 




. Screw, Pan Hd 




15 




- 


100018-200 




. Washer, Flat 




15 




- 


100024-200 




. Washer, Lock lnt Tooth 




15 




-9 


117427 




. Filter, Air Panel 




1 




-10 


139637 




. Top Fan Assy 

(Attaching Parts) 




1 




- 


100012-304 




. Screw, Pan Hd 




8 




- 


100018-300 




. Washer, Flat 




8 




- 


100024-300 




. Washer, Lock lnt Tooth 




8 




-11 


139876 B 




. Backwiring Board Assy 
(Attaching Parts) 




1 




- 


114538-214 




. Screw, Sheet Metal 




54 




- 


100018-300 




. Washer, Flat 




54 




- 


100024-300 




Washer, Lock lnt Tooth 




54 




l 

-12 

i 


145474-001 




. Panel, Side Chassis Mtg LH 




1 





(Continued) 
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Table 9-9. Extended Performance RAD Controller (Cont.) 



Fig. & 
Index No. 


XDS 
Pert Number 


Vendor 
Part Number 


Description 
1 2 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-9 -12 


145475-002 




. Panel, Side Chassis Mtg LH 




I 




-13 


109432-001 




Block, Terminal 




7 




-13 


109432-012 




Jumper, Terminal Block 




1 




-13 


109432-006 




. Channel, Mtg (3. 65 LG) 




1 




-13 


109432-008 




. End, Plate 




1 




-13 


109432-011 




. End, Anchor 

(Attaching Parts) 




2 




- 


100012-304 




. Screw, Pan Hd - 




2 




- 


100018-300 




. Washer, Flat 




2 




- 


100024-300 




. Washer, Lock Int Tooth 




2 




-14 


139967 




Bracket, Mtg Terminal Block 
(Attaching Parts) 




1 




- 


100012-410 




. Screw, Pan Hd 




2 




- 


100018-400 




. Washer, Flat 




2 




- 


100024-400 




. Washer, Lock Int Tooth 
_ _ _ * _ _ 




2 




-15 


100657-005 




. Clamp, Cabie Nylon 




1 




-15 


100657-007 




. Clamp, Cable Nylon 
(Attaching Parts) 




2 




- 


100012-405 




Screw, Pan Hd 




1 




- 


100018-400 




. Washer, Flat 




1 




- 


100024-400 




. Washer, Lock Int Tooth 

* _ _ _ 




1 




-16 


147842 




. Frame, Swing 




1 





(Continued) 
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Table 9-9. Extended Performance RAD Controller (Cont. ) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
12 3 4 5 6 7 


Mfg. 
Code 


Units Per 
Assy 


Usable on 
Code 


9-9 -17 


147843 




Bracket, Mtg 

(Attaching Parts) 




1 


- 


- 


100012-506 




. Screw, Pan Hd 




4 




- 


100018-500 




. Washer, Flat 




4 




- 


100024-500 




. Washer, Lock Int Tooth 




4 




-18 


139592 




Block, Shear Pin Mtg 
(Attaching Parts) 




2 




- 


100012-508 




. Screw, Pan Hd 




2 




- 


100018-500 




. Washer, Flat 




2 


' 


-19 


139593 




Block, Swing Frame Stop 




2 




-20 


149332 




. Plate, Block Mtg 

(Attaching Parts) 




2 




- 


100012-507 




. Screw, Pan Hd 




2 




- 


100023-500 




. Washer, Lock Spring 

* 




2 




- 


149219 




. . Hinge Assy 

(Attaching Parts) 




2 




- 


108605-710 




Screw, Cap Steel Soc Hd 




4 




- 


100023-700 




Washer, Lock Spring 

* _ _ _ 




4 




-21 


148498 




. . Bracket, Hinge 




1 




-22 


148499 




. . . Bracket, Hinge Swing Frame 




1 




-23 


152051 




. . . Pin, Hinge 




1 




-24 


132268-008 




. . . Washer, Flat 




2 
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Table 9-9. Extended Performance RAD Controller (Cont.) 



Fig. & 
Index No. 



XDS 
Part Number 



9-9 -25 



149331 

108605-712 
100018-700 
l<XX)23-700 



Vendor 
Part Number 



Description 
1 2 3 4 5 6 7 



. Angle, Swing Frame Mtg 
(Attaching Parts) 
. . Screw, Cap Steel Soc Hd 
. . Washer, Flat 

. Washer, Lock Spring 



Mfg. 
Code 



Units Per 
Assy 



Usable on 
Code 



9-53 



XDS 901565 
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Figure 9-10. Module Location (RAD Controller) 



9-54 



XDS 901565 



Table 9-10. Module Locations (RAD Controller) 



Fig. & 
Index No. 


XDS 
Part Number 


Vendor 
Part Number 


Description 
12 3 4 5 6 7 


________ 

Mfg. 
Code 


Units Per 
Assy 


1 
Usable on 

Code 


9-10 






(Module Locations) RAD Controller Assy 








9-10-1 


128168 




. Module Assy 


, AT24, Clock Driver # 2 




1 




-2 


123018 




. Module Assy, 


, AT 10 Cable Rec 




2 




-3 


123019 




. Module Assy 


r ATI! Cable Dr/Rec 




1 




-4 


124629 




. Module Assy 


, AT 12 Cable Driver 




2 




-5 


126714 




. Module Assy 


, ATI? Cable Dr/Rec 




1 




-6 


116056 




. Module Assy 


, BT10 Buff AND/OR Gate 




1 




-7 


116029 




. Module Assy 


, BT11 BAND Gate 




8 




-8 


116407 




. Module Assy 


, BT13 Buff Matrix 




1 




-9 


125262 




. Module Assy 


BT16 Gated Buffer 




1 




-10 


123491 




Module Assy, 


CT10 Clock Oscillator 




I 




-11 


126611 




. Module Assy, 


AT 16 Rejection Gate 




1 




-12 


127393 




Module Assy 


, BT22 Fast Buffer 




1 




-13 


116380 




. Module Assy 


FT10 bo«ic Flip-Flop 




4 




-14 


117028 




. Module Assy 


r FT12 Gated Flip-Flop 




2 




-15 


127319 




, Module Assy 


r DTI 4 Delay Line 




2 




-16 


126743 




. Module Assy, 


r FT25 Fast Access Mem 




1 




-17 


126856 




. Module Assy 


, FT26 Butt Latch No. 3 




4 




-18 


126986 




. Module Assy, 


FT27 Buff Latch No. 2 




8 




-19 


133251 




. Module Assy 


p FT41 Register FF 




3 




-20 


127391 




Module Assy 


HT15 Delay/Line Sense 




1 




-21 


116994 




. Module Assy, 


, ITU NANDGate 




6 




-22 


117000 




Module Assy 


IT 13 Inverter Matrix 




2 




-23 


1 17375 




. Module Assy, 


IT 15 Gated Inverter 




2 




-24 


124634 




. Module Assy, 


FT18 Counter Flip-Flop 




1 




-25 


125264 




. Module Assy, 


IT 16 Gated Inverter 




1 




-26 


128188 




. Module Assy, 


IT24 NAND-NOR Gate 




1 
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Table 9-10. Module Locations (RAD Controller) (Cont.) 



Fig. & 
Index No. 



XDS 
Part Number 



Vendor 
Part Number 



1 2 3 4 5 6 



Description 
7 



Mfg. 
Code 



Units Per 
Assy 



Usable on 
Code 



9-10-27 
-28 
-29 
-30 
-31 
-32 
-33 
-34 
-35 
-36 



126710 
126712 
126982 
133392 
133657 
134278 
116257 
117389 
127643 
136547 



Modu 
Modu 
Modu 
Modu 
Modu 
Modu 
Modu 
Modu 
Modu 
Modu 



e Assy, LT24 Logic Element 

e Assy, LT25 Logic Element 

e Assy, LT26 Switch Comp 

e Assy, LT41 Logic Element 

e Assy, LT43 Logic Element 

e Assy, LT58 Incr Deer 

e Assy, XT10 Term Module 

e Assy, BT15 Gated Buff No. 1 

e Assy, LT29 Clock Logic 

e Assy, LT71 Exclusive OR 
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Table 9-11. Numerical Index 



Fig. & 

Index No. 


XDS 

Part Number 


Description 




Fig. & 
Index No. 


XDS 

Part Number 


Description 




100008-100 


Nut, Hex Mach 




100012-410 


Screw, Pan Hd 




100008-200 


Nut, Hex Mach 






100012-414 


Screw, Pan Hd 




100008-300 


Nut, Hex Mach 






100012-500 


Screw, Pan Hd 




100008-400 


Nut, Hex Mach 






100012-504 


Screw, Pan Hd 


2-27 


100008-410 


Nut, Hex 






100012-505 


Screw, Pan Hd 




100008-500 


Nut, Hex Mach 






100012-506 


Screw, Pan Hd 




100008-600 


Nut, Hex 






100012-507 


Screw, Pan Hd 




100012-104 


Screw, Pan Hd 






100012-508 


Screw, Pan Hd 




100012-105 


Screw, Pan Hd 






100012-520 


Screw, Pan Hd 




100012-203 


Scrt-w, Pan Hd 






100012-610 


Screw, Pan Hd 




100012-204 


Screw, Pan Hd 






100018-100 


Washer, Flat 




100012-205 


Screw, Pan Hd 






100018-200 


Washer, Flat 




100012-207 


Sctew, Pan Hd 






100018-300 


Washer, Flat 




100012-210 


Screw, Pan Hd 




2-23 


100018-310 


Washer, Flat 




100012-304 


Screw, Pan Hd 






100018-400 


Washer, Flat 




100012-305 


Screw, Pan Hd 






100018-500 


Washer, Flat 




100012-306 


Screw. Pan Hd 






100018-600 


Washer, Flat 




100012-307 


Screw, Pan Hd 






100023-500 


Washer, Lock Spring 


3- 


100012-310 


Screw, Pan Hd 






1 00023-600 


Washer, Lock Spring 




100012-314 


Screw, Pan Hd 






100023-700 


Washer, Lock Spring 




100012-316 


Screw, Pan Hd 






100024-100 


Washer, Lock Int Tooth 




100012-320 


Screw, Pan Hd 






100024-200 


Washer, Lock Int Tcoth 




100012-404 


Screw, Pan Hd 






100024-300 


Washer, Lock Int Tooth 




100012-405 


Screw, Pan Hd 






100024-400 


Washer, Lock Int Tooth 




100012-406 


Screw, Pan Hd 






100024-500 


Washer, Lock Int Tooth 




100012-407 


Screw, Pan Hd 






1 00024-600 


Washer, Lock Int Tcoth 




100012-408 


Screw, Pan Hd 




7-8 


100025 


Diode, XDS101 (VR3,4) 



(Continued) 
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Table 9-11. Numerical Index (Cont. ) 



Fig.& 
Index No. 



3- 
2- 

2-49 
17-7 

8-11 
8-10 
8-17 
3-11 

2-36,3-13 
6-37,8-19 
6-51,8-18 
8-17 
2-35 
3-19 
3-18 
7-3 

8-18 
5-24 
8-20 
6-23 
2-44 
6-36 



XDS 
Part Number 



100039-307 
100039-310 
100039-405 
100039-510 
100039-520 
100039-609 
100274-016 
100323 

100331 
100653-006 
100657-001 
100657-002 

100657-003 
100657-004 
100657-005 
100657-007 
100657-008 
100657-009 
100657-011 
100698 

100720-004 
100720-006 
100720-007 
100720-009 
100840-001 
100840-002 



Description 



Screw, Flat Hd 

Screw, Flat Hd 

Screw, Flat Hd 

Screw, Flat Hd 

Screw, Flat Hd 

Screw, Flat Hd 

Sleeve, Plastic 

Diode, XDS106 (VR1,2,5 
thru 9) 

Fuse, Holder 

Fuse, .250 AMP 3AG (Fl) 

Clamp, Cable 

Clamp, Cable 

Clamp, Cable 

Clamp, Cable Nylon 

Clamp, Cable 

Clamp. Cable Nylon 

Clamp, Nylon 

Clamp, Cable 

Clamp, Cable 

Transistor XDS210 (Q2, 3, 
6,7,8,10,11) 

Grommet, Rubber 

Grommtit, Rubber 

Grommet, Rubber 

Grommet, Rubber 

Grommet, Nylon 

Grommet, Nylon 



Fig. & 
Index No. 


XDS 

Pcmfc Number 


Description 


2-45 


100840-003 


Grommet, Nylon 


6-42, 67, 69 


100992-003 


Capacitor, DV Oil/Paper 
(C3, 4, 6, 7, 8, 30,31,32) 


6-75 


100992-006 


Capacitor, DV Oil/Paper 
(C5) 


7-11 


101154 


Diode, XDS1 13 (CR1 thru 
13, 16,17,19 thru 22, 
26, 27) 


6-64 


101155-150 


Resistor, Fixed WW (Rl) 


8-13 


101430 


Receptacle, Female 3 
Contact (J2, 3,4,5,6, 
7,8) 


2- 


101441-104 


Screw, Cap Hex Hd 


2- 


101441-105 


Screw, Cap Hex Hd 


2- 


101441-407 


Screw, Cap Hex Hd 


6-78 


101625-003 


Tubing, Spirap 


2-29 


101918 


Bolt 


7-4 


102055 


Transistor XDS 214 (Q4) 


5-52 


102066-001 


Cord, Lacing 


7-5 


103242 


Transistor XDS 216 (09) 


6-55 


106843 


Socket, Relay 


6-54 


106994 


Relay DC (K3,4,7,8) 


6-52 


107013-308 


Standoff, Threaded 


6-44 


107018-314 


Standoff, Hex 


6-43 


107132-003 


Spacer, Round 


6-68 


107132-005 


Spacer, Round LH 


6-68 


10? 132-^06 


Spacer, Round RH 


9-22 


1W15 1-303 


Screw, Set Socket 


3-25 


1(57199-308 


Roll, Pin 


5-9 


1071 99-41 3 


Roll," Pin 



(Continued) 
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Table 9-11. Numerical Index (Cont. ) 



Fig. & 


XDS 






Fig. & 


XDS 




Index No. 


Part Number 


Description 




Index No. 


Part Number 


Description 


5-46 


107199-614 


Roll Pin, Cres (3/16 Dia x 


7-2 


111530 


Transistor, XDS231 (Q1,5) 






7/8 Lg) 




2-31 


111945 


Pump, Positive Pressure 


3-30 


107396 


Switch, Toggle 




6- 


113220-300 


Washer, Flat Light Series 


6-65 


108474 


Capacitor, JN Electrolytic 














(CI) 




6- 


113220-600 


Washer, Flat Light Series 


3-36 


109159-008 


Bumper, Rubber 




6- 


113221-200 


Washer, Lock Spring 


8-15 


109350-021 


Plug, Snap In 




6- 


113221-300 


Washer, Lock Spring 


3-20, 2-50, 


109432-001 


Block, Terminal Stack Type 




6- 


113221-400' 


Washer, Lock Spring 


6-45 




8-18 AWG 




6- 


113221-500 


Washer, Lock Spring 


2-50,6-46 


109432-005 


Retaining Clip 




5-11 


113440-206 


Screw, Cap Soc Hd 


3-20, 2-50, 
6-47 


109432-006 


Mounting Channel 




6- 


113526-006 


Nut, Self Clinching 


3-20, 2-50, 


109432-008 


End Plate 




6- 


113526-012 


Nut, Self Clinching 


6-48 








6-40 


113694 


Switch, Subminiature DPT 


3-20 


109432-011 


End Anchor 








Toggle (SI) 


6-49,9-13 


109432-012 


Jumper, Terminal Block 




6-25 


113707-002 


Switch, Pressure (S2, 3) 


7-18 


110996-100 


Resistor 1W (Rl 8, 30,38) 




3-40 


113800-204 


Screw, Shoulder Slotted 


7-36 


110996-101 


Resistor 1W (R55) 




3-37 


1 1 3800-21 2 


Screw, Shoulder Slotted 


7-15 


110996-103 


Resistor 1W (R2) 




3- 


114538-214 


Screw, Sheet Metal 


2-48 


110996-105 


Resistor 1W (R20 thru 24) 




7-14 


115763-103 


Capacitor Mylar (C21, 22, 
23) 


7-16 


110996-152 


Resistor 1W (R3) 




10-7 


116029 


Module Assy, BTil BAND 


7-24 


110996-183 


Resistor 1W (R31) 








Gate 


7-17 


110996-202 


Resistor 1W (R25, 45,50) 




10-6 


116056 


Module Assy, BT10 Buff 
AND/OR Gate 


7-22 


1 1 0996-273 


Res- star 1W (R46 thru 49) 




3-6, 9-6 


116231 


Chassis, 32 Module (See 


8-4 


110996-331 


Resistor 1W (Rl) 








Fig. 9-10 For Module 
Locations) 


6-58 


110996-471 


Resistor 1W (R56) 




!0-33 


116257 


Module A>sy, XT10 Term 


7-21 


110996-473 


Resistor 1W (R33) 








Module 


2-8 


111097 


Bracket, Locking 




10-13 


116380 


Module Assy, FT10 Basic 
Flip-Flop 


5-3 


111468-502 


Insert Thread 




10-8 


116407 


Module Assy, BT13 Buff 


7-9 


111516 


Diode, XDS123 (CR14) 








Matrix 



(Continued) 
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Table 9-11. Numerical Index (Cont.) 



Fig. & 

Index No. 


XDS 
Part Number 


Description 


3-8 


116522 


Channel, Cable Routing 


2-35,6-15, 
30 


1 16701 


Tubing, Pressure 


6-27 


1 16702-001 


Connector, Elbow 


6-8,6-21,27 


116702-002 


Connector, Elbow 


3-26 


116722-003 


Spring, Compression 


10-21 


1 16994 


Module Assy, IT1 1 NAND 
Gate 


^10-22 


1 17000 


Module Assy, IT 13 
Inverted Matrix 


2-32 


117026-005 


Mount, Shear 


i 10-14 


117028 


Module Assy, FT12 Gated 
Flip-Flop 


9-21 


117136 


Pivot, Hinge Swing Frame 


9-24 


117137 


Block, Hinge Swing Frame 


6-16 


1 17226 


Filter, Air 


10-23 


117375 


Module Assy, IT 15 Gated 
Inverrei 


10-34 


117389 


Module ^ssy, Bl'15 Gated 
Buffer No. 1 


W' 1 


117419 


Cabinet, Basic Structure 


2-2 


117424 


Cap, Cabinet Top 


3-10 


117427 


Filter, A:r 


10-2 


123018 


Module Assy, AT10 Cable 
Rec 


10-3 


123019 


Module Assy, AT11 Cable 
Dr/Rec 


5-51 


123054-104 


Screw, Button Hd 


7-37 


123300-124 


Capacitor, Tantalum (C29) 


7-13 


123300-126 


Capacitor, Tantalum (CI 3, 
28) 



Fig. & 

Index No. 


XDS 

Part Number 


Description 


7-12 


1 23300-475 


Capacitor, Tantalum (C9 
thru 12) 


7-27 


123362-084 


Resistor, 1/8W (R6, 8) 


7-29 


123362-147 


Resistor, 1/8W (R28, 40, 
42,44,53,54) 


7-25 


123362-164 


Resistor, 1/8 W (R37) 


7-35 


123362-172 


Resistor, 1/8W (R16) 


7-32 


123362-176 


Resistor, 1/8W (R17,34, 11, 
15,29,52) 


7-30 


123362-197 


Resistor, 1/8W (R12) 


7-33 


123362-212 


Resistor, 1/8W (R26, 36} 


7-31 


123362-219 


Resistor, 1/8W (R14) 


7-26 


123362-243 


Resistor, 1/8W (R3,5,9, 
10,13,35,51) 


7-28 


123362-281 


Resistor, 1/8W (R7) 


7-34 


123362-339 


Resistor, 1/8W (R19,27) 


5-34 


123450 


Shaft, Spindle 


5- 


123455 


Spindle & Drive Assy 


5-5 


123456 


Ball Bearing 


5-31 


123460-021 


"O" Ring Teflon 


10-10 


123491 


Module Assy, CTI0 Clock 
Oscillator 


3-9, 9-8 


123940 


Channel, Cable Routing 


7-6 


124298 


Pad, Transistor (Ql thru 
8,10,11 REF) 


10-4 


124629 


Module Assy, ATI 2 Coble 
Driver 


10-24 


124634 


Module Assy, FT 18 
Counter Flip-Flop 


10-9 


125262 


Module Assy, BT16 
Gated Buffer 



(Continued) 
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Table 9-11. Numerical Index (Cont.) 



Fig. & 

Index No. 


XDS 
Part Number 


Description 


10-25 


125264 


Module Assy, IT 16 Gated 
Inverter 


7-38 


126297-001 


Terminal Bif Rivet (El thru 
45) 


3-42, 6-4 


126340-002 


Fastener, Captive XDS 


3-24 


126340-010 


Fastener, Captive XDS 


6-7 


126440-012 


Fastener, Captive XDS 


10-11 


126611 


Module Assy, AT 16 
Rejection Gate 


5-4 


126623 


Bearing, Retainer 


5-47 


126624 


Liner, Spindle Housing 


10-27 


126710 


Module Assy, LT24 Logic 
Element 


10-28 


126712 


Module Assy, LT25 Logic 
Element 


10-5 


126714 


Module Assy, AT17 Cable 
Dr/Rec 


5-3 


126716 


Disc, Hub 


10-16 


126743 


Module Assy, FT25 Fast 
Access Memory 


5-35 


126835-003 


Woodruff, Key 


7-17 


126856 


Module Assy, FT26 Buff 
Latch No. 3 


6-66 


126945-002 


Bracket, Capacitor Mtg 


10-29 


126982 


Module Assy, LT26 Switch 
Comp 


10-18 


126986 


Module Assy, FT27 Buff 
Latch No. 2 


5-3 


127054 


Insert, Hub 


8-3 


127055 


Transformer (Tl) 


5-45 


1 27056 


Spindle, Housing Assy 


10-15 


127319 


Module Assy, DT14 Delay 
Line 



F«g.& 
Index No. 


XDS 

Part Number 


Description 


5-32 


127346-001 


Shim, Retaining Bearing 


5-32 


127346-002 


Shim, Retaining Bearing 


5-32 


127346-003 


Shim, Retaining Bearing 


5-1 


127387-001 


Nut, Lock 


5-2 


127388 


Washer, Hub Positioning 


5-3 


127389 


Hub, Assy 


10-20 


127391 


Module Assy, HT15 Delay/ 
Line Sense 


10-12 


127393 


Module Assy, BT22 Fast 
Buffer 


3-44 


127489-002 


Connector, 50 Pir, 


3-45 


127614 


Plate Mtg, Connector 
Plug 


10-35 


1 27643 


Module Assy, LT29 Clock 
Logic 


8-14 


127675 


Receptacle Maie, 3 
Contact (Jl) 


6-6 


1 27990 


Container, Filter-Charcoal 


5-25 


128155-001 


Thermostat, Overt jmp 


5-33 


128163-002 


Washer, Spring 


10-1 


128168 


Module Assy, AT24 Clock 
Driver # 2 


10-26 


128188 


Module Assy, 1T24 NAND 
NOR Gate 


2-9 


1 29459 


Slide, 20 Inch 175 Lb 


3-4, 9-5 


129540 


Spring, Door Latch 


3-3, 9-4 


129554 


Trigger, Door Latch 


3-6, 9-6 


1 29567 


Nut, Strip Speed 


5-38 


129633-204 


Screw, Cap Soc Hd 


5-18 


1 29633-206 


Screw, Cap Soc Hd 


5-30 


129633-506 


Screw, Cap Soc Hd 



(Continued) 
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Table 9-11. Numerical Index (Cont.) 



Fig. & 

Index No. 


XDS 
Part Number 


Description 


5-30 


129633-508 


Screw, Cap Soc Hd 


2-25 


129633-628 


Screw, Cap Soc Hd 


6-70 


129645-002 


Bracket Capacitor Mtg 


6-61,8-5 


129681 


Relay, Time Delay Thermal 
(K5, K15) 


6-62, 8-6 


129682 


Socket, Time Delay 


5-43 


129687 


Baffle, Air Spindle & 
Drive 


3-7 


129694 


Panel, Blank 


6-6 


129731 


Filter, Container Assy 


9-3 


129940 


Bracket, Door Latch Mtg 


7-23 


130109-097 


Resistor, 1W (R39,41,43) 


6-57, 8-4 


130132 


Relay, DPDT 10A (Kl,2,9) 


6-75,8-16 


130191-001 


Conr.tctor, Cable Grip 


2-51,8-15 


130192-002 


Clamp Conduit 


6-53, 8-8 


1 30422-001 


Contactor, 3 Pole St (K5, 
6,1) 


8-12 


130462 


Switch, Toggle DPDT (SI) 


8-7 


1 30540 


Relay, DPDT 5A 24VDC 
Coil (K3) 


3-5 


1 30639 


Bracks, Door Latch Mtg 
Support 


6-60 


130765 


Relay, 4 Form C 24VDC 
(K10) 


5-27 


130777-001 


Spacer, Rotor 


5-29 


131186 


Cap, Load Spring Retaining 


8-2 


131326 


Cover, Distribution Panel 


2-10 


131354 


Bracket, Slide Mtg Front 


2-20 


131356 


Plate, Drum Mtg 


2-23 


131357 


Bracket, Shipping 









Fig. & 

Index No. 


XDS 

Part Number 


Description 


2-22 


131362 


Bracket, Leg Support 


5-44 


131530-103 


Screw, Drive 


9-2 


131950 


Hinge, Chassis Door LH 


3-1,9-1 


131958 


Door, Chassis 


3-2 


131959 


Hinge, Chassis Door 


3-2, 9-2 


131960 


Hinge, Chassis Door RH 


5-42 


131963 


Housing, Motor 


5-37 


131964 


Baffle, Motor Housing 


5-10 


131965 


Cap, Motor Housing 


5-40 


131977-004 


Motor, Elec Three Phase 
(Stator) 


5-28 


131977-005 


Motor, Rotor 


2-6 


132019 


Angle, Mtg Rear (Retma) 


2-33 


132083-001 


Union, Tube Fitting 


6-29 


1 32083-002 


Union, Tube Fitting (Male 
Pipe to Plastic) 


6-14 


132084 


Union, Bulkhead 


5-8 


1 32086 


Spline, Brake Drive 


2-11 


1 32088 


Bracket Slide, M:-g Rear 


5-41 


132103-001 


Screw, Motor Housing 


6-1 


132175 


Chassis, Motor Control 
Unit 


6-4 


132176 


Cover, Chassis Motor 
Control Unit 


6-70 


132177 


Bracket, Capacitor Mtg 


6-35 


132178 


Bracket, Component Mtg 


6-59 


132179 


Bracket, Relay Mtg 


7- 


132343 


Printed Wiring, Motor 
Control Unit (TBI) 


7-11 


1 32344 


Board, Printed Wiring 



(Continued) 
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Fig. & 


XDS 




Index No. 


Part Number 


Description 




Index No. 


Part Number 


Description 


6-24 


132359 


Bracket, Solenoid Mtg 


5-48 


133080 


Plate, Adaptor Tachometer 


6-72 


132369 


Transformer (Tl) 




2-18 


133155 


Plate, Counter Balance 


6-73 


132492 


Transformer (T2) 




10-19 


133251 


Module Assy, FT41 
Register FF 


7-10 


132494 


Diode, XDS 135 (CR23,24, 














25) 




10-30 


133390 


Module Assy, LT41 Logic 
Element 


6-39 


132495 


Thyristor / XDS236 (SCR1, 














SCR2, SCR3) 




5-52 


133559-026 


Wire, Twisted Pair 


6-10 


132514 


Filter, Air Charcoal 




10-31 


133657 


Module Assy, LT43 Logic 
Element 


6-32 


132528 


Tee, Tube Fitting 




10-32 


134279 


Module Assy, LT58 Incr 


6-33 


132529-001 


Tee, Female Pipe Fitting 








Deer 


6-31 


132532-002 


Elbow, Street 




6-31 


134843 


Cover, Protective 


6-22 


132534 


Valve, Solenoid (K12, 13, 
H) 




6-26 
6-9 


134843 
134844-001 


Cover, Protective 
Nut, Lock 


3-45, 6-63 


1 32570-001 


Terminal, Ins Ring Tongue 




9-23 


134897 


Pin, Hinge 


5-13 


132570-002 


Terminal, Ins Ring Tongue 




6-17 


134993 


Regulator, Pressure 


2-47 


132570-004 


Terminal, Ins Ring Tongue 




6-74 


136179 


Cable, 4 Conductor 


6- 


132570-005 


Terminal, Ins Ring Tongue 




10-36 


136547 


Module Assy, LT71 


^_5-50 


132593 


Generator, Tachometer 








Exclusive OR 


2-21 


132644 


' eg Support Assy 




6-77 


136560-002 


Connector, 14 Contact 
Female 


2-18 


132646 


Plate, Counter Balance 




5-12 


136561-001 


Connector, Maie 14 Pin 


5-54 


132743 


Shaft, Coupling-Tachometer 








(J37) 


6-11 


132744 


Gasket, Filter Mtg 




3-41 


136588 


Chart, Hd Wiring 


6-19 


132749-001 


Nipple, Pipe Fitting 




2-39 


136674 


Power Supply Assy, PT20 


6-25 


132749-002 


Nipple, Pipe Fitting 




2-38, 8- 


137529 


Power Distribution, Panel 
Assy 


6-28,6-34 


132749-005 


Nipple, Pipe Fitting 




8-1 


137530 


Chassis, Distribution Panel 


6-18 


133033-001 


Plug, Pipe Hex Hd 




2-46 


139175 


Filter, Power (CI, 2, 3,4) 


6-34 


133033-002 


Plug, Pipe Hex Hd 




2-41 


139222 


Power, Filter Assy 


6-41 


133034-001 


Circuit Breaker (CB1) 




2-42 


1 39223 


Plate, Mtg 


5-7 


1 33079-406 


Screw, Flat Hd 




2-43 


139224-002 


Cover, Filter 






(C 


ontinuec 


i) 
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Fig.& 
Index No. 


XDS 
Part Number 


Description 




F?g.& 
Index No. 


XDS 

Part Number 


Description 


4-1 


139418 


Module Assy, LT76 Read 


9-14,3-21 


139967 


Bracket Mtg Terminal 






Write 








Block 


, 2-3 


139565-002 


Clip, Speed U Type 




3-15 


139968 


Strip Mtg, Wire Clamp 


1- 


139576 


Extended Performance, RAD 
Assy 




3-16,3-43 
2-5 


139969 
139994-001 


Block, Wire Clamping 
Angle Mtg, RF (Retma) 


9-18 


139592 


Block, Shear Pin Mtg 




2-5 


139994-002 


Angle Mtg, RF (Retma) 


9-19 


139593 


Block, Swing Frame Stop 




2-19 


145315-001 


Angle Spacer Slide, RH 


3-22 


139634-001 


Panel, Side Chassis RH 




2-19 


145315-002 


Angle Spacer Slice, LH 


3-22 


139634-002 


Panel, Side Chassis LH 




2-7 


145412-001 


Bracket, Latch Adjusting 


3-23 


139635 


Frame Pivot, Chassis Mtg 








LH 


3-34 


139636 


Frame Pivot, Sel Unit Mtg 




2-7 


145412-002 


Bracket, Latch Adjusting 


! - 












RH 


3-17,9-10 


139637 


Top Fan Assy 




3-28 


145418 


Guide, Rod 


3-33 


139686 


Pin, Hinge 




3-27 


145419-001 


Rod, Latch 


2-17,3- 


139690 


Selection Unit Assy 




3-27 


145419-002 


Rod, Latch 


2-26,5- 


139697 


Disc Fils Assy 




3-29 


145420-001 


Block, Latch 


4-6 


139716 


Module Assy, LT77 Data 














Decode 




3-29 


145420-002 


Block, Latch 


2-4 


139814-001 


Bracket, Chassis Locking LH 




9-12 


145474-001 


Panel, Side Chassis Mtg 
LH 


2-12 


139815-001 


Bracket, Slide Sel Mtg RH 














Front 




9-12 


145474-002 


Panel, Side Chassis Mtg 
RH 


2-12 


139815-002 


Brackei, Slide Sel Mtg LH 














Front 




3-41 


145514 


Cover, Connector 


2-13 


139816-001 


Bracket, Slide Sel Mtg RH 
Rear 




3-38 


145515 


Cover, Connector- Base 
Plate 


2-13 


139816-002 


Bracket, Slide Sel Mtg LH 
Rear 




6-20 
2-15 


145646 
145698 


Fitting, Adapter Bulkhead 
Bumper, Rubber 


2-14 


139858 


Angle Support, Front 




3-31 


145704 


Panel, Switch Mtg 


3-12 


139865 


Backwiring Board Assy 




6-56 


146260 


Bracket, Relay Mtg 


9-11 


139876 


Backwiring Board Assy 




6-2 


146484 


Chassis, Filter Mtg Motor 


3-35 


139892-001 


Angle Support 








Control Unit 


3-35 


139892-002 


Angle Support 




2-37, 6- 


146485 


Motor Control Unit Assy 



(Continued) 
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Fig. & 

Index No. 


XDS 

Part Number 


Description 


6-3 


146486 


Angle Mtg LH, Motor • 
Control Unit 


6-3 


146487 


Angle Mtg RH, Motor 
Control Unit 


2-40 


146488-001 


Angle, Chassis Mtg RH 


2-40 


146488-002 


Angle, Chassis Mtg LH 


2-34 


146649 


Bracket, Component Mtg 


3-39 


146673 


Hanger 


3-32 


147024 


Rod Hanger, Interface 


6-5 


147044-001 


Label, Filter 


6-12 


147044-002 


Label, Filter 


5-6 


147222-001 


Brake, Magnetic 


4-5 


147791 


Module Assy, AT15 Clock 
Discr 


9-16 


147842 


Frnme, Swing 


9-17 


147843 


Bracket, Mtg 


2-16 


147912-001 


Biacket, Frame Mtg RH 


2-16 


147912-002 


Bracket, Frame Mtg LH 


2-24 


147931-006 


Mount, Shock 


5- 


148433 


Bulkhead Unit-Disc File 
Assy 


2-52, 9- 


149330 


7231 RAD Controller Assy 


9-25 


149331 


Angle Swing Frame Mtg 


9-20 


149332 


Plate, Block Mtg 


5-23 


149578-001 


Brush, Metal Graphite 


5-20 


149579-001 


Cartridge, Brush Holder 


5-21 


149580 


Bracket, Cartridge 


5-17 


149581 


Clamp, Cartridge 


6-38 


149710 


Cover, Protective 



Fig. & 

Index No. 



2- 

2-30 
5-22 
3-46 
3-47 
3-14 
6-13 



XDS 

Part Number 



149763 

149960 

152008 

152429-001 

152429-002 

152673 

158947 



Description 



RAD Storage, Unit 
Cabinet Assy 

Compressor, Assy 

Plug, Screw 

Screw, Captive 

Retainer, Inseri Screw 

Ground Strap Assy 

Absolute Filter Unit Assy 
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TO: ALL HOLDERS OF XDS Extended Performance RAD File, Models 7231/7232 
SUBJECT: TEMPORARY CHANGES TO TECHNICAL MANUAL 

The following changes to Technical Manual 9 01565A^1 are necessary to reflect the latest 
technical information. The changes are released in this manner for purposes of expediency. 
The next scheduled revision to the manual v/ill incorporate these changes formally. 

PURPOSE: To add a monthly check of the tachometer output voltage to the maintenar.ee 
section. 

INSTRUCTIONS: 

1. Make the following changes in the technical manual with pen and ink: 

a. Page 8-22, paragraph 8-33. Between last line of pciagraph 8-33 end para- 
graph 8-34, write in: 

"8--33A TACHOMETER OUTPUT VOLTAGE TEST PROGRAM (see insert on 
attached page 8-22A) ". 

2. Insert pages of this PDQ into the technical manual as follows: 

a. Page 1 of this PDQ between cover and title page of the technical manual. 

b. Page 2 of this PDQ (marked page 8-22A) between pages 8-22 and 8-23. 

Do not remove these pages until the above changes have been incorporated in a re- 
leased revision or re-issue of the technical manual. 




APPROVED:_J&H^^i*fe^J^ ----- 

kAnAHFR PUR! irATfONS DFVFl.OPMENT 



